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1 \ N20” : I. GENERAL INFORMATION 


sake app eatcon 


| “The range-only radar "Kvant" is designed for installation, ‘together with 
| sight ASP-SN or ASP-SND and permissible renge computer VRD-2A, on jet fighters. | 
Roe “‘range-only radar ensures automatic and continuous determination of 
distance to ‘he target and of relative rate of approach to the target. 
The range - ‘vader “Kvent" ope rates in two modes: 

. | "Mode. AN ees firing is done from guns or with unguided rocket projectiles. | 
me range finder feeds continuously to the sight computer voltage proportional 
to the target vange and relative speed of the target. 
oa "Mode B" ~- launching of class air-to-air homing migatisa K-13. 

For. this mode the range radar ensures: 
a@ af Determination of present Henge to the target and cisplaying of aah 
information on the pilot's firing-range indicator uD- iis 
b/ Automatic comparison of present range with permissible range of K-13, 
rocket and providing launching permission signal. 


SPN3 .. v/ Signalizing the approach of withdrawal-from-attack range. | 
2. Basic Tactical-Technical Data 


-  @ The range radar “Kvant" determines the distance to aircraft-target 
in following ranges: from 300 to 3,000 meters for mode: "A" and from 800 to 


7,000 meters for mode "B" eet Se ) | a us 
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: C) cae bs The range radar feeds automatically voltage pece iene to the 
_ distance tye target to. ‘the type ASP-SN sight computer . (mode "A") or 
| to the pointer range indicator "yD-1" (mode HBty. 
| ae Ve Range error does not exceed #5 m for mode "A" ana £100 m for mode ~ 
Ee ro denM. 2 
F ge: - Range radar determines the rate of approach to the aircraft ~target 
> (relative speed of the target) in a | range from +400 in/sec tO ~100 jase ; and | 
automatically feeds ‘to the oe. computer ( mode™tr - ) | “of topimisatble 
| range calculator (woe "3" a voltage proportional £0 ) relat tive velocity. The 
i epeed, when Sieeae in on the target, is positive. 
- at The error of speed det beens does not exceed zz 15. m/sec for | 
“mode yn and + 85 n/ sec for mode "B".. | 
: | : shy a The renge radar determines the instant for launching rocket K-15 
_ by comparing present-range voltage with permissible-rocket launching range 
“woltage, - admitted from permissible range calculator VRD~2A.. 
| zh. fence eeucuncich or range -only radar is not less than 200 nm. [P 4] 
. Zz. Dead zone of the radar is not greater than 500 m. | 
a oe. Ere eeaUeey, pattern of range ~only radar at half-power in both planes 
is equal to 18° + 1° (or -2°) for mode "A" and 6° + 40" for mode “BY, 
~ Ke: “Pulse power is 5 to 7 kv. 3 | 
Le. ‘Duration of high-frequency pulse is 0. 5 + 0. O05 microsec. 
5 m. Operating frequency 7910 & 5 Me. 
ae Pulse repetition rate 800 + 100 pps. | 
q © a a a. Sensitivity of receiver circuit (mode "A") is 87 db for a range of 
" 2000 m and ee ab for a range of 500 ma with reference to 1 millivatt. — 


S-E-C-R-E-T 7 
90X1-HUM 


“Declassified In Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 








: , beclassified In Fal sanitized Copy maproves for Release 2013/01/25 : CIA- Ren orate eee eee -4 
3 S-E-C-R-E-T 


50Xt-H UM 





| O : / . Pe Pulleout from attack range is 1000 to eee Me . 
— : re Ceijing os ‘the renge-only radar - 25000 m. 
Se Power consumption of range radar from 215 Y, 400 cps power Line ae 
“no va; power consumption . in +27v circuit is 25 w when eapiant temperature | 
: sis above 0°C > and 50 W when temperature is below o°C. | | = 
: te Weight of the renge radar without intermediate cables is 30 kg. 
| Ue The range ie oe operate; continuously “for” 6 irs. 
~ i - | | f.: ‘Guaranteed service life of range radar is 500 actual flight hours _ 
SPN 5 on an aircraft during a period of 35 years, if aii regulation inspections 


"and maintenance work. is observed in accordance with operational mammal. ” 


3. Range Radar Assembly 
The assembly of the range radar "Kvant". designed Yor aircraft MIG-21F 
comprises the following units: : 
|e Combined antenna with waveguide sane Kel ~ GYa 2.060. ii Sp - a piece : 
be -“Receiving-transmitting unit RB6-2M GYa 24000.024 Sp - 1 piece 
| ve Range-only radar receiver unit RB6-3 GYa 2.003 .002 Sp - 1 piece 
re Power pack wit RB-6-4 GYa 2.087.004 Sp - 1 piece 
- de Speed indicator unit RB-6- a5. Gla 2. 002.005 Sp - 2 piece 
@. Control panel K-6 GYa 2.761. O31 sp - 1 piece _ 
| wigs. Comparator unit K-8 GYa 2.089.012. Sp - 1 piece 
Ze Intermediate cable KK /21-F/GYa 4.855 165 Sp - z piece 
tes. #4 1s ‘Coaxial cable GYa.F.850.135 Sp - 2 pieces 
ae ‘Control. mechanism KPK Gra 2.781.037 Sp - 1 piece 
= 50X4-HUM 
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4 C) ‘i _ Speed calibrator for 5 assemblies » type "KS-2" GYa 2. 761. 02. Sp end 





control instrufent KPK GYa 2. 761. 0578p are part of the special spneroitane 
7 
, esmimment of the range eles "Kvant." 


II. PRINCIPLE OF OPERATION AND | (P 7] 
INTERACTION OF INDIVIDUAL | 
SR GERTTE  on C een nee 
COMPONENTS OF RANGE RADAR "“KVvaner" 


i. Principle of re 


The principle of range radar operation is based on tllumination of a 
‘given space zone by short- auration recurring Se cunoieenette pulses, and 
reception of such pulses after reflection from a target located in the zone 
“of Unitinetion. 
| The range radar "event" determines the distance to the target by auto- 
: ‘matic measurenent of nae eee between the initiation of probing muse . 
: ee | and the instant of arrival of pulse reflec ee: from the target, ‘fig. 2. 
2 The range radar "Kant" is an automatic electronic device gpien does : 
ot noe require oye , except. for switching-on during take-off and switching 
off during lending. - | . seg 
| “Opaeviaticn of range radar “Kvant" performance in 1 fight can be carried 
out by watching» an aircraft-target flying i in front ; : after HERESY Lock~on by 
the radar, @ green lamp: "lock-on" lights on the sight head. 
ae a * For mode "A" operation, the manual feed of range to the sight is discon 
eS nected ‘at ‘this ‘time (handle of gas sector), and the size of outer cizele for 


the vision | and target field is now changed oe from the range radar. 


a 
"? 
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| For ‘theuods “B', ‘the firing sight is set into position “Si xea" ("nepoa"); 
~ at this tine the ilhiminated mark occupies -&@ position commesponding to airec- | 
| | tion of aircraft gun axis, and the pointer indicator UD-1 on the instrument 
board show automatically the distance between the aircrafts. 


_ ° Thus, aiming is done at a stationary mark, as on a collimator sight. 


Relationship between the distance to the target, the velocity of elec- 
tromagnetic ‘wave propagation in free space and ‘the time interval from the 
moment of sending high-frequency probing pulse to the instant of reception 


of pulse reflected Prom the target is defined by the formula 


$e 2D 
S 


vhere + - time interval for die pulse to travel to the target 
| and eae ep - doubled distance tO the target, 2 oe distance to target and 
back; S. - Velocity of electromagnetic wave a aaa which is eae to | 
the speed of light ) 
- Ss = 3 x 10° m/sec 
| _ Time msaeieciont is carried out by contimuous “Superposition of ‘the target 
ee on the selector pulse ; which is generated = the Tangs finder. The delay 
time of selector pulse is related linearly to TeEveee applied to the circuit 
| i time moGASOn; which generates such pulse, Pe Ss, 
| tg = Ky (Uo-Uo) 


where: t, - delay time. of selector pulse 





: ae Up = control voltage 
"Uo = initial voltage . 
o-E-C-R-E-T 
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Due to coincidence of the target pulse and selector pulse, 


test, end Ki(Uo-Up) = = or Up= Up - — 
i | 


= Up - KzD 
Thus the voltage controlling the time modulator becomes proportional 
to the er eey, range. This voltage ls fed by the range radar to the sient 
computer and to snaicaten. UD-1l. | 
The selector pulse consists actually of two Pulses, generally called 
range pulses (see fig. 3). These O.7 microsec duration pulses : shifted 0.4 
-microsec with respect to each other, ‘conduct search-scan in absence of re- 
flected pulses, i.e., they are shifted along the cute range of distances ; 
from 200 m to 3000 m with a frequency of 1 cps (mode "A") and from 800 m - 
7500 m with the same frequency of scan for mode "5B". | 
The shifting takes place from shorter range toward longer. In the | 
— event of: eaeear ence: of a pulse reflected from the target, it comes into co- 
= ineidence with the range pulse. At this time the lock-on ‘circuit goes into 
' Operation and the search-scan is discontinued. The range radar locks ae the 
target and begins to range-track the target by feeding voltage proportional | 
| to the range to the sight computer or to the pointer indicator UD-1. 
The range radar "Kvant," in addition to range. voltage, also supplies 
| ve proportional | 6 the relative speed of target. 
‘The speed voltage is Qreerne by ditterentiating range voltage and its 
subsequent amplification by a special amplifier located in the speed unit. 


phy 4 _ ‘The law for range voltage generation: 


For mode "A" = 195 - on 


S-E-C-R-E-T 
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ee mode "B" - w : UD = 195. 5 
'. where: Uo ip volt tage in volts | ; 
et ee ewe “a is tange in meters. 
4 - - | The law for speed voltage generation: 
| for mode "A"— Ug, = = 0.1V 
for'mode “B"— Us, = ~ 0.O4V 


where: Usk ~ voltage in volts 





f Vv ~ speed in meters per sec. 
| : - ; : For an approach the speed is positive. 
4 The peculiabity of the range radar "Kvant" is its ability to operate 
: in two different modes . For this reason the inci: aisbeiciin consists of two 
| | different antennas + of a horn antenna producing a wide 18° + 1° or ~2° 
4 beau for mode "A", and a reflector antenna producing a aimee 6° A hot beam 
: | for mode "B'. } | 
A switch located in the range aa connects one ‘pe the antennas to the 
i - recetver-transuitter unit. | és | Sy 
: c ; The entenna on is controlled from the aircraft circuit. 
4 / 
Ic 
a 
4 . . S-E-C-R-E-T = 
ay : 90X1-HUM 
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>- Block Diagram of Range Radar 


jf 
_ As seem oo fig. Ay. ‘the range radar event" consists of entenna unit, 
receiving-trensmitting unit, range -only radar receiver » power supply . unit, 
speed whit, éontrol board, * comparator unit, intermediate cable and Baas - 


cable. 


| Antenna “As sétib consists of a combination of a horn antenna 





with’ dielectric lens and a reflector antenna with horn exiter. 

This antenna asseubly is designed for highly-directive reseeoe of 
high- frequency electromagnetic energy and for hace of signals reflected 
“from a ‘target. 

‘Directivity pattern of the horn antenna while in mode "A" is 18° + 1° 

or. 2° in both plenes. 
| Directivity aren = beam width) of reflector antenna while in 

mode "B" ig 6° + 40' in both planes. 

The receiving-transmitting unit forms and radiates powerful high-frequency 
| pulses > automatically adjusts frequency of local oscillator, receives and pre- 
auplifies reflected signals ; switches antenna from transmission to reception 

| and synchronizes: the work of range-only ‘receiver unit. | 
The receiving-transmitting unit. consists of a high- -frequency , r = 9570 + 
| + 45 Me ? iene teca oscillator, a, mouulator, a sub-modulator, eee local 


: oscillator, receiving-transmi tting chamber with ees ATR tube, spark-gap 


50X1-HUM 
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- Gischarger, mixing chamber for automatic frequency control (APCH), preampli- 
fier of intermediate frequéncy |PUPCh|, AFC circuit, high-voltage rectifier, 


' and-pre-ionization rectifier with ignition current stabilizer. 


. The range-only radar receiver unit serves +o anplity the IF of reflected 


pulses, to detect such pulses and to convert them into target video-pulses, 
to fix the time of arrival of reflected pulses and to form voltage proportional 
to the distance ‘to the target. 

. Power supply unit ‘provides stabilized voitage to all units of the range 


radar. ‘The unit contains a rectifier for +150 v and +200 v, a rectifier for 


e 4500 v, a (rectitien i v; electronic voltage regulator and a reference 


stabilovolt. 


_ Speed. me cee unit serves to determine automatically the relative 


speed of target, and to supply appropriate voltage to the firing sight and 


permissible range computer MaDe 


“Control board serves to facilitate the operation of the range-only radar 


installea on en aircraft. All controls of the range radar and the control 


points for eae the performance of the automatic lock-on are located on it. 


Comparator unit serves to convert the voltage scale of target present 


range. into a scale corresponding to the scale calibration of the UD-1 Pointer, 


range indicator ' to compare automatically the voltage of target present range 


| with the voltage of permissible launching range of the rocket, and to send 


launching permissible signal to the green “Lamp "launch" installed on the 


pee s ‘instrument board, to:determine the moment for ditnavavel: from attack 


by sending a signal to the rea lamp “pull out" installed :on’ “hes” pilotts 
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/ intermediate Cable Wiring Diagram 
oe (2) Sh=3 
Plug Rl?PKL75Sh1 Plug RuSPKEShL 
Goes | Function Terme _ |Goes| Function 
to : .1No. ’ 
ground : i ground L 
+115 v (com)}i 2 | 4 27 v in. 5 
~115 v (com); 3 2 27 v out. 3 
+ 27 v hi i— 115 v in. (com) | 
wn |Urange Unit 5) 5 | 4 1L5 v out. (com)5 
_, {speed scale 6 | 6 |w~1l5 v in. 6. 
2 i+ 200 v | 7 ; ~ 115 v out. 7 
4 |jlock-on circ.! 8 | = |search freq. 8 
| ‘d |Ispeed zero |.9 } » |search freq. 9 
= soeed zero 10 ‘ + 150 v out. LO 
| : : Sy ; LL 
S |tracking ll : : + 150 v in. 
| iU | 12 ep jt 200 v L2 
speed if y 4 13 
jlock-on sig, | 13 range | ; 
- 150 v Lh ? ‘range zero Ly 
| 15 | ‘range scale 15 
to [+ 300 v 16 speed scale 16 
+ 150 v 17 ; speed zero — 17 
: speed zero 18 


ferrite switch LY 


~ 150 v 21, 
Urange 22 
sensitivity 23 
AFC circuit 2h, 


ferrite sw. crysté25 
mode signal = 26 
ferrite switch 
ferrite switch 








: 4 (a) = 4), - ~ 50X1-HUM 
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“to External Circuit 


ag - .. ) Socket RYSPK2BEG1 
Be +. (Goes: 


Function 


ground 
altitude sig. 
+ 27 v in. 
~llisv = - 
« 115 v (com) 


input switch 
input switch 
? input sw. 

? input sw. 
lock-on sig. 
mode signal 
VRD supply 
VRD supply 
VRD output 
range instru. 


range instru. 


' 


Uspeed 
pullout sig. 
+ 200 v 
Uange . 
clearing 

- 150 v 
launch sig. 


altitude sig. 


Term. 
No . 


Oo CON OUT Ew Dh 


16 
Le 
18 
19 


Qs) Sh-5 
Socket 2RM2)KPNLOGLAL 
ed Function 





cround 
~iis v 
“115 v 


Uspeed 
* 27 v 
ferrite sw. 









crys 





Urange 
Tk I 
Tk II 
Tif 

+ 150 v 
Launch 

- 150 v 
meas. ground 
+ 200 v 

+ 300 v 
RRCh (MFC) 
RRU (MGC) 
calibration 









2 eS Ee Tk oe Re i Er as gt 
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to Control 





(b) 


SECRET 
Declassified in Part - “ Sanitizéd uae Approved for Release 2013/01/25 : CIA- RDP80T00246A030400090001 -4 


-50X1-HUM 


50X1-HUM 
Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 

















SPN 15 
(5) Sh-2 | (6) Shed 
Sockét RGLOULT7ESh1 | Socket Ru8PK28ESh1 . 
iGoes | Function Term. | rm 
to No. No 
ground i: 
ground des 
“lis v 2 + 27 v 2 
“115 v (com) | 3 “115 v 3 
+ 27 v Le “115 v (com) yy 
meas. ground 5 + 300 v 5 
+ 150 v 6 * 200 v 6 | 
TK I 7 + 150 v 7 
: - 150 v 8 
v1l5 vin. | lo | | [range EB 
i | tracking ie 
- 150 v 12 ! | 
xs | Ath (AFC) amp 13 m | search freq. 113 
colo rr ; search freq. Lh 
2 im tr 12 = UPCh (AFC) shift} 15 
# 140300 v 17 2 Lock-on circ. 16 
& | | 3 sensitivity ar 
. x launch pulse 18 
~ eae 6: + 150 v in. _ 119 
20 
clearing 21 
| 22 
oe | 23 
range zero 2h 
ot - range? unit 5 |25 
| | 26 
| Se 27 
| | LC 28 
j 
a 
orcenn | 50X1-HUM 
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: (1) Shel (8) Sh+6 : | 
Socket. 2RM30BL132GLA2 Socket 2RMLUKPNUGLAL | 


Goes] tunction Term. Function 
to = 


ground . 
+27 vv 
+ 300 v 
+ 200 v 
+ 150 v 
supply 
supply 
VRD output 
Urange re 








ferrite switch 
ferrite switch 
ferrite switch 






to Unit No. 1 





O O-~7} OWN EW Po FF 





©. |] instru. "D" |10 
S instru. "D" ) 1 | 
4 Uspeed i ! 
‘A | pullout sig. |13 
= | launch sig... |1h 
8 ~ 125 
i 16 
; mode signal {17 
[ 18 
- lock=on circ.|19 
| | — 120 
| 21 


altitude Sige} 22 
altitude sigs: 23 


~150v {26 


calibration 30 
~115 v 31 
~115 v (com)| 32 
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instrument panel, supplying +28 v stabilized voltage , with meepeet to speed : 
voltage, to VRD-2A. | 3 | 

Tniswicaiets cable serves to interconnect the units of the range-only 
radar on an aircraft. Cable configuration and size depends on the deployment | 
of the ‘range /finder on a given ieee, Schematic lay-out of the iitemasate 


ate cable for the MIG-21F combat jet is shown in fig. 5. 


6. Functional Diagram : 

On fig. 6 is shown the functional diagram of the range -only radar . 
 ."Kvant". 7 This Ai aereiconous interaction of individual components of the 
range radar. — | 

The operational mode of the renge radar is different: for the search- 

scan of the nee from the ia of target, when the reflected signal | 


x enters the receiver input. 


“For this reason the pene ager of functional diagram is divided into 


2 sections: 
-a/ Search-scan mode 


~b jf Tracking mode . 


. 7 Search-Seen Mode 
The submodulator located in the receiving~ een unit generates | 
positive ‘voltage pulses with amplitude not less than 150 # pulse quratlon 
of about 1 microsec and repetition rate of 800 pps- These pulses control 


the discharge tube of the ee 


_§-E-C-R--7 
90X1-HUM 
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da | ; y red ann artereneronmantetnnsnae aera bene a PMOL: "Cp vet: 
Mo A ‘| O,5 micsec : ___vange pulse — | «35 to 195 f 
eee ese | error : | 7 : oo 5 
Video| 4] Tims current | Speed Computing 
pl, *Piscrininato’ i ontrol Unit Circuit 
a i2-nd integrat , 









Dete ecto | 


2 





coheed) | | t 
| Rectifier : = 
VRD=-1 ‘h. a 


. | #200v <150v 
ao be Oy : ™ +300y +] Ov, 


| High-Volt| || Sub- arc |... | AFC 
Rectifier odulator Mixer Circuit 


__/ Bou ft. 
TM sie t2v0v Loon balou” pol pet 


Fig 6, Functional Diagram of Range~Only Radar "Kvantt , 5 pe U) 3 




















Von eee 


Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 


ia ae Te 
C rae el Bice Et 


ble 
OE. KOT See ee, 


tgs EF 


eee a ae eg a eR CO Neg 
cae ee gah OSB kt ry 
a Sa ‘i BE eral Sa oh Mii, 


ee eeeen. 





Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 





7 50X11 “HUM — 


The modulating piiees with 5.5 kv enplitude, 0:6: microsec duration and 


| repetition rate of 800 pps are panaeeces in modulator and are fed to the 


? 


-~ 


= 


Magnetron oscillator generates pulses. of t = 0.5 microsec duration and | 


hy power of not less than 5 kw. 


‘The antenna switch disconnects the receiver during the action of probing . 


«omer 


a pulse ; 


| Powerful. igh-frequeney magnetron pulses are admitted through high- va 


z frequency channel to ferrite Sommtecor which directs the electromagnetic 
energy to ‘one of the antennas ; depending on the operating mode of Eenee Ey. 


radar. 


‘Part of high-frequency energy of the Magnetron pulse is admitted to the 
mixing chamber of ATC. Undamped high~ frequency oscillations from Klystron 
local oscillator are also continuously admitted to AEC chamber. 


As a result of mixing of two Bigbndreqicncy: oscillations » &® Pulse is 


| formed at the AFC output with a sea enCy. which is equal to the difference . 


ms between the eee and magnetron are quencies: | 4 


yO This pulse is converted by the AFC circuit into the control voltage, _ [Pp 19] 


| which. ; is fed to the klystron local oscillator and maintains Poe frequency — 


‘>. above that. of the magnetron frequency by a value equal ¢ 


ss 


| _ Simiteneously with ‘the modulating ne 8 . negative synchronizing pulse 


is fed ‘fron modulat tor core.” 


wt DO) es 
§S-R-C.R-Po? 
~ 5OX1-HUM 





t 
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| a) to IP amplifier and disconnects receiver during the transmission of 
nein probing’ pulses; 
b) to noise AGC and cuts it out for ens reception period, thus eliminat-. 
ing the effect of target pulses on performance of ‘the:.moise AGC. 
v) to fast saw-tooth forming circuit and triggers it. 
Tne “fast saw-tooth" circuit ‘feeds to the comparator circuit unit RBO-3 
a Saw-tooth muses at a rate of 600 pps and Of 25: OF 50 iierosec duration 
(depending onthe mode)’ and of 150 v amplitude (fig. 7). 
in addition,to the lsomwere soe curcuit wai RBC=3 is fed a suaweseen 
, 4 = voltage from the "slow saw-tooth" generator » which varies in intensity from 
. 185, to 20 v vite &@ period of .o to 1.2 sec. ; 

- With this gradual decrease of "slow saw-tooth" generator voltage, there 
occurs encdten and greater delay in conduction ot comparator diode for. each 
puaness ie period of 800 pps repetition rate. 

’ ‘Tms, to the subsequent circuits of the comparator is admitted a eae 

-"" -€9o0th pulse with leading edge lagging more and more behind the transmitter 
: pulse as the sweep generator voltage decreases. | 
- 7 oo : This pulse is amplified and differentiated, and is used to igeeeemiaee 
: pulse generator. The latter generates 100~v range pulse of .7 microsec dura- | 
tion which is fed to. time disriminator. The time discriminator operates ce 
| during - coincidence 20 tame of range and target aiiiese. | 
As is seen from tig. 7, with gradual decrease in voltage of the "Slow 
; saw-tooth", the range eaees traverse the whole working range ae search- 
scanning at a rate of 66° %0: 1.2 ‘Gps. | - 


= 


= 22 


a des | Esa np mm | - | Bale 
ie -  50X1-HUM 
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The noise voltage from receiver owbpat is admitted to noise oe circuit, 
- which aa negative voltage proportional to noise magnitude. This yolt~ | 
Z age is admitted ve IF amplifier, and by ee amplification factor the noise 
level is maintained constant at the receiver output. | 
| / | | 


; Pulses reflected from the target are invereepted = one of the antennas a. 
‘depending « on the mode of operation, and are admitted by ‘bigh- frequency channel 
- through the covets switeb to. the antenna switch, which prevents the entrance’ 

oa reflected signal to a magnetron circuit, but ae reflected pulses es 

the ae chamber of the receiver. 

Rt the mixing chamber of the receiver the reflected signal frequency is 
mixed with the local: klystron oscillator frequency. 

Asa result of mixing, a mumber of frequencies are formed from wien the 
30 me IF is separated out at the receiver mixer. Input cireuit of If preamr 
ideas (FuPCn) serves as the load of the receiver inter. 

After passing through the I¥ preamplifier, the signal reflected from 
varget is admitted +0 the main IF amplifier. The target signal after ‘second 
detection and amplification in IF amplifier is admitted to the input of time 
discrimiatorthrough the video amplifier and cathode follower. 

Time discriminator forms | ‘error: current: at the instant of coincidence os 
the target reflected palse with the range pulse. “guch error~ ~current value © 

| depends on magnitude and sign of nematic: between, pane and target pulses. 
. The: error - signal is admitted to the input control-unit circuit, which is in 


the form ofa double integrator. 





| 
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‘The time discriminator also generates naweeive pulses which control 
| the cutomatig | lock-on. : 
At this time the automatic lock-on goés into operation and search-scan 
generator circuit is transformed into a double intesrator and the signal 
lamp “Lock-op™ lights up on the sight. 
The range -only radar circuit now switches to tracking mode and eee 
esses oMtages proportional to the target range ‘and SS speed of the. 
‘target. At the instant of target lock-on and Syiee suse of "slow sawtooth" 
7 generator, at the ae oe double integrator remains a voltage nn er 
- - target range, as it was at the instant the srtenee lock-on vane into 
"action. This vo}tage is fed to the comparator wit circuit RBO-3, instead . LP 23] 
: of the "slow saw-tooth" generator voltage, end it controls the renge-pulses 
_ displacement 1 in time. 
|The error current of time discriminator is. continuously admitted to the 
double integrator until the range pulse comes into balance with the target pulse. 
) With the disappearance of ale ee the automatic lock-on is re~ . 
leased after a delay of 1 to 1.5 sec. — | | ‘ 
The onerat range ieitees Sones to change Be COnc Rely with the Sallie » 
. Law and at the same speed ure the delay period as it occurred prior to 
| target disappearance, thus ensuring the "memory" of target speed. 
Pulse from the: plate:of automatic personae eas is sedate oan or 
AVC circuit. This pulse is npr eaee ona detected: and as a negative de Wot. 
age is fed to IF amplifier, thus changing ‘the receiver amplification which is 
"necessary to avoid overloading receiver stages and to decrease the range error 


_ | for targets of different intensity. 


_ 8-E-C-R-E-7 
90X11 -HUM 


—“o7 7 ve 


: Neclassified in Part - Sanitized Copy Approved for Release 2013/01/25 - CIA- RDP80T00246A030400090001 -4 











_ Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 


~ 50X1-HUM 





‘The performance of noise AVC in both eseniesean aa tracking modes is | 
identical. /eulse AVC ane noise AVC have couton CuerAe to IF omplifier 
through cathode follower, When nange-onl; radar "Kvanit" Locks-on cuca b 
in mode "B",. the range ee is fed to sieceiie cireuit in unit K-8 © 
which comparés it with permissible range voltage, the latter coming hies 
computer VRD-2A. | | 
By permissible range for rocket lennching is ‘unéers tcod a maz ai adis- (p 24] 
tance to the target att which the rocket will ‘jecessarily reach the basta. 
while the homing system is in overation. | | | 
Such a range is defined by the following equation: 
DYim = 3.06 - 107 | Vsr (VB) + | 
| The magnitude of permissible range depends on the aireralt aietnias. 
“4, @) » air speed of aircraft- -carrier (Vx) » as well as of ogee and sign 
‘of relative speed (p). — 3 
Fermissible range become s greater with the increase in flight altitude 
| (air resistance becomes pation) with the increase in speed of the carrier | 
(Gaitial speed of ie ; and, with increase in relative speed of approach. | 
to the target. 
The permissible range computer VRD-2A consists of a potentiometric . 
transducer, which is ted with ae voltage from range radar, and which supplies 


a voltage proportional to permissible range according to the following law: 


Ug-razr iv = 3.625 {Drasr in ian ) 


=~ 0% « 
_ Sarat Pm mM 
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The VRD-2A solves the equation: 


c 4 Vsr = ed ee ~) 
: , E. 


and the obtained Voltage is added to the relative speed voltage which 


was admitted.’to range radar "Kvant" according to the following hws 





Us; is positive during approach. ° . | 
Speed rang : from ~100 m sec vo “41:00 m sec, which cecaeaie to: : a 
voltage werietien from a v to H6 v.- | 
| 7 Total voltage from the sass of VRD-2A potentiometer is admitted to 
electronic cireuit oft the‘ com paracor wmitK-8. When the present range to target 
a becomes equal or smaller than the rocket- ~ launching permissible range , then 
the comparator circuit operates and on the pilot’ s instrument board lights . 
on the green lamp "launch. " From this epSneny the pilot may launih the K-15 
: rocket if all other required conditions are tuleiiied. oa 
: Present range voltage is also admitted to a special circuit which, ee 


¢ 


approaching a range of 1000 m,' lights on a red ‘signal lamp "pull-out," thus . 
ae the pilot of the danger from further approach to the target. Such 
further approach may result in collision with the renee or damage £56 the 
Lragments of the rocket. 
On the pilot's ins trument board is ees che ores indicator UD- Li. OF 
i = range to the target, which is in the form of a vor per ee graduated di- 


rectly in kn, from Oto 8lm. This range indicator is fed with power through 


_ operational amplifier of K-8 unit. 
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| THE ANTENNA “WAVEGUIDE ASSEMBLY . | | | [Pp 26] 
7+ «pplication 
The antenna : waveguide unit is dest ened Loe ecqcres high- 
frequency power cr the oscillator to the antenna, the radiation of | 
sna nee aes space within the limits of definate spatial angle, the 
reception of signals reflected from the target and their transmission to 
the receiver. . ee 


8, 





~ 


‘the basic taotiecal-technical dete of the antenna wavesuide. channed? 
Le The width of" the directivity pattern in the wide beam mode/mode - | 
man] is 18 i -in planes E and ap and is 69 + + 40! in the narrow Beam’ 
"eae eae ars in both planes. 
2. The side lobes do not exceed 5g of. the pasta in both addes. 
3, The gain factor of the antenna is ecual to 85 in mode "A" and 
550 in mode nM | 
ok, The standing . wave ratio of the antenna > “Waveguide unit does not 
exceed LeS Av frequency range: of 9370+45 MC. 
The entenna-waveguids~ unit of the "KVANI" range-finding radar ie 
‘sists’ of two. structurally combined antennas and a waveguide : channel ath 
a ferrite sommmtetoe which provides for switching the operating modes of 
the Seeenoniwads and narrow bean/. | 
_ The gain factor is ‘Cdetermined _ by eoipeietcig: the antenna {P 27] 


being. tested with the standard one, the gain factor ‘of which is aoa from 


| the following Seine 


G isp=G et x S=EP | : » where 
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a é 7 G dsp is gain factor of the antenna being. tested. 
a G et is the gain factor of the standard antema. 
4 = isp is the power being received by ie antenna being tested. 
4 ee sige Pet is the power being received by the standard anterna. 
"8 | / | | : -_ 
a | | : The gain factor of the antenna for the "KVANT" range finding radar 
4 is equal tC: 85 in the wide beam /mode "A"/ and 550 in the narrow, bean | 
A | | an | 
5 node "BN, 3 oe a en 
: For a more complete transmission ov the transmi’ eae power .to el | | 
23 oa 7 | 
» antenna, matching of all the high frequency channels is of errr importance. — | 
4 ane matching of the high frequency channel is characterized by the velue | es 
; | _ Of the standing-wave ravio. 
4 - In en ideal case, during the absence reflection, a traveling-wave af 
3 | | a “mode is established in the Highefreqaeney channel /during which SWR=1/. : 
a re ae the presence of. reflection a standing wave appears. .in the channel, . 
P | | Such sreneine wave is formed as & result of the composition of incident | 
. ‘s | 


o end reflected Waves. | 


‘the standing wave ratio is defined ..‘as the ratio of the maximun — 


a - value of voltage in the line to the) minimun 
a ie Me “KSB (SWR) eee , 


the better sa siti smaller the difference between U jecuain and 
U minimum 2p and consequently the smaller the magnitude of SWR. 
The standing wave ratio in the antenna-waveguide unit ofthe "KVANT" [Pp 28] 
| - range-finding radar does not exceed 1.5 in both modes. 


The wide directivety pattern of the "KVANT" range finding radar /mode . 


= 
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“AN is radiated by the horn antenna. The directivity Bates of the horn 

- antenna depends on the dimensions of the horn, its length and size of the — 
epavtas or ue output opening. 

, in the horn antenna a dielectric lens is intalled in the aperture of. 

4 “2 “Ghie horn. ‘The dielectric lens serves to equalize the field phase in. the 

. ‘horn éperture » which, in turn, leads to eras gain factor and lower oe 
sity of the side lobes of the ee eu ety pattern. The side lobes are re- 

| ‘sponsible for useless aif ffusion of a part or the radiated power and for low- 
evine the noisepreor feature of the station. ‘The electrical field of the 
horn has vertical polarization. The horn nena cis connected to. the wave- 
: guide cnsouse a coupling transformer with ail2x 23 mm cross section, and. ae 

- tuned in ceeteneved renge of frequencies with, the aid of a matolean ‘stub. | 


the air-tightness of the antenna is achieved with the aid of poly- 


Poles eee oe ae: 
ai SoNSey ™4 hy ge 


; styrole foam aes, which is pasted to the mouth of the horn with epoxy. 


oad. 7 wegin. | 
4 ee - The narrow directivity pattern /mode "Bot the “KVANT" range finding 
° 4 | “radar is red ated. by cae Pp eenes ee 
a - oe | “The reflector antenna is a sedi ating device in which the electro P oe 
af | a ‘magnetic waves trom the primary exciter is directed by the reflector into 
4 "4 space ie: the limits ofa certain space angle, depending on the diameter 
of the reflector. | | | 

_ The antenna reflector is a sisentiae parabola ee diameter of 360 mm 
and a focal distance ‘of 239 mm.. The focal distance was selected in such a | 


manner that the primary acm. element of the reflector ar 
= 30 - 


S-E-C-R-E-T 
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would in a least degree overshadow the radiation from the horn antenna 
located dehind the reflector pres e7, | 


¥ 


The primary exciter of the antenna a a horn radiator. The size of 
the horn radiator -;is selected 2a such a manner that the radiation direc~ 
cee pattern formed by it would havé in the direction of the edge of ‘the 
reflector, noes the spatial mecendation,.: an meatgo 0. 1-0. 15 
times of the maximum power, thus on density at the edge of the . 
parabolloid becomes 6 to 10 times smaller than at its central part. | 

Under such a condition, the optimum value of the reflector surface 
utilization. ratio, which is necessary for obtaining the maximum gain 

factor of the antenna for a given diameter of the reflector, is provided. 
The polarization of the electrical field of the antenna is horizontal. 

The horn exciter is off the focus by 69, This makes it possible, 
firstly, to reduce the effect of the reflector surface on matching the 
waveguide channel and, secondly, to remove the exciter of the reflector 
antenna from the radiation zone of the horn antenna. 

"Gees part of the energy of the horn strikes the exciter, Ls reflected 
from it, and during the second reflection from the reflector it narrows the ~£P 3¢ 
radiation directivety pattern of the horn antenna, Anetal grid made of: 
vertically anraneee wires is installed in the aperture of the horn ae een. 

/fig. @/. 

‘Such a ‘rid is transparent ta: the electrical field with horizontal - 
‘pola ares thon, since the vector of the electrical field is per sendicutan 
to the direction of the wires. For the “electrical. field with vertical 


‘polarization, the vector of the electrical field is parallel to the 


= 3) = oe 
GQ mkt el eRe 
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“direction of the Mee) consequently, for such a field the grid is se 
lent to a metal sereén which conplietipwet lect the electromagnetic field. 
The grid at the aperture of the exciter is Located in ee that the. 
energy of the hom antenna, the electrical Lield of which has entices polariza- 

: ‘ction, will be dispersed by reflection from the. grid. 

| The wires or theduetar grid of the exciter are fastened to eee 

made of foam polystyrole. The bushing is pasted to the mouth st the norn 


-exciter with. epoxy resin, thus forming air-~tightness of the high-frequency 


' channel. R 


The horn and reflector antenna are fastened to a common mounting by 
a cast maenes sun alloy bracket,while the horn antenna is located pean 
the central part of ae reflector eves For this reason, the latter is. 
‘made 4 in the form of a metal grid with horizontal wires which makes it trans- 
' parent to the energy radiated by the horn ewennae _. + | [Pp 32 
The combined Apeenee is fastened to thé airplane with the aid of 7 
four bolts, which are mounted from the side of the meriecber. through 
special hole to a cast bracket and auxiliary fasteners, provided on the 7 
airplane. — | } 
9- Waveguide Channel 
Block diagram of waveguide channel is shown on fig. 9. 
‘The waveg guide. arent is built with rectangular aluminum waveguide 
-, . of 23 x 10 mm cross section, except for ferrite commutator. | 


High-frequency admitted to the waveguide channel from receiving-trans- 





mitting unit (unit RB6-2M) is fed to the ferrite commutator, which in 





j : turn directs it into one of the antennas depending on mode of radar operation. 
| | $-F-feR-Rom | | 
~ S0X1-HUM 
- 33 - 











’ Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030400090001-4 


er oaeaulee In noe Sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030400090001 -4 


i 





Wd 
- 
in 

a 
" 


ct Reine 


aR F ty ites a 


" ¢ fag se ote by At, 
a ae 2 te es 
a: Pit ae nies eats eee bs ial 


a 
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10. Description of Ferrite commutator 


Beene commutator switcheseon the two antennas alternately, thus 


? 


radiating different directivity patterns. 


| | The’ polarization plane rotator and a tee’ for m part of the commutator. 


(ig. 10). 


Ferrite commutator operation is based mthe principle of polarization- 


re) 


ee BONS Eon. 


‘The eerie stub, Located in transverse magnetic field, rotates 


" polarization plane of siestconl genetic. wave “that passes through it. | {pe 34) 


Ferrite Rent eaenr Oneal rotator 15 in the form of 2 ge aa 


2h x 21 mm waveguide section, inside of whieh in a Aueweiastic insert is’ 


mounted” "grade M-TT ferrite stub of the following sizes’ 
— de6. 7 mn é 1=70 mm 
io |_Electronagnet winding of 35 000 turns from .2mm PEV. wire is pager 
w=3,000 turns 


One end of the square waveguide ‘polarization rotatoz> is terminated | 


by a quarter-wave transformer, which is needed for‘transition from the 21x2lmm 


“ waveguide to 23 x 10 mm waveguide. 


To the other end of the polarization rotator is connected a tee, the 


| outlets of which make 90° with each other (see fig. =) 


- For node "A", a current of the order of 50 mi Limp passes eicoudl the 


“ diecteanicast.qisaine. Such current ensures polarization-plane rotation 


: by 90°, wa the passage of electromagnetic energy to Ghannel I. 
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> For mode uBR 2 current of the order of 5 filiemp, need to remove 
ia 2 ae 


“og Ge residual nagnetisn, is passed through the electromagnet winding Such 
> + , . ‘ ’ 


ew a 


MO.  esidual mee Meek SH onieanares in the. Territe stub during operation in mode 


| oa. Now the electromagnetic ener by is’ directed into channel II. Curren” 


/ 


a; ee direction in the ferrite-commutator winding in mode "BY is opposite to 


os that for node uP 
SPN .36 aoe Electronagnet « current switching is | effected by 26-3 relay, Located gis 
SS i ene unit K-6,_ which is actuated by the mode signal, To ensure operation 

a o 


a i eae high altitude, the waveguide channel is nade tight with the aid of 


i 3 . : . 5 =. | 
vt ne ee _, Rubber gasgets. 





= 
we 
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tor [APCh/. 


IV. RECEIVING-TRANSMITTING UNT?. 


ll. Application 


The RB6-2M | receiving-transmitting unit goes into the makeup of the ([P 
"KVANT" airplane radar rangefinder and is designed for generating powerful 
high frequency pulses, BHeCCAIne of the antenna from transmission to recep- 


tion, reception of the signals reflected from the target and their ‘preampli- 


In addition, the receiving-transmitting” unit performs automatic 
eeciees control of the locai osei lator and generates pulses, which syn | 


chronize the operation of the entire station. 


12. Make up of the wit 


a othe’ receiving’ ‘mei transmitting unit consists of the following elements: 


a) submodulator; 


Modulator; 
magnetron oscillator; 
antenna switch; 


mixer of the receiver; — ~ ee ee, . i 


mixer for the APCh (automatic frequency control); 


klystron oscillator; 

preamplifier for intermediate frequency /PUPCh/ ; 

high-voltage rectifier; | 

abi ties for the pre~-ionizer; | = . | | [P 3° 
systems for automatic frequency eenerol GE ‘the a saeuiie 


_ §-R-c-R-R-D , 
‘50X1-HUM 
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a) 


b) 
v) 


g) 


13. The basic tactical-technical data of the unit 


_s 


receiving-transmitting unit has the following basic -paranetérss: 


pulse power of high frequency oscillations 


Pimp => 5 ky 


/ : 
the frequency of high frequency oscillations in a range of 


9370 + 45 Me ges 
duration of modulating use 
; Tf imp. = 0. 2. t 0.05 microsec 


the band wiath of high ‘pra muney oscillations at the 


base ats 6 Me 


ad) 


e) 
zh) 
r 

i) 

- 

| 4 


m) 


0) 





pulse repetition rate 

| me 800 + 100 pps 

Synchnonizetion-palse amplitude is not less than 80 v. 

the average current of the magnetron is equal to i. 19 £0. { (2), 
The crystal current of the receiver ehannet is 0.2 is 0.8 aiiens 
The crystal current of the APCh (AFC) channel is 0. 4 tp 2.2 ma. 
The ignitor firing current of the ATR tube is 10 to 95 microanp 
The average intermediate frequency PUBCh is 30 + 0.5 Me - 


Overall dimensions of the unit are: 


D = 2h0 mm 
L = 388 mm 
the were of ‘the unit does - not exceed 12.1/kg. [P 4 


The unit Operates normally: y 


- 38 - 
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e/ during a tenperature iene ae ‘the surrounding aera gaean from - 

/* 50 ¢ to -60 ¢, — | 
| tf after remaining 438 hours in ari gunosenees with a relative hunid~. 

ity of 95-98% at ‘a temperature of +20+5°C. 
| | v/ & at altitude of up to 25,000 meters, [that is Bb an. soe yeeroe 

pressure of. up to 18.6 mm He. | 

14. Deseription of Unit Operation 
According to the Functional Diagram 
| | (rig. 11} 

. posing oscillator of the submodulator utilizes che left sane of the 
12-3 (6NIP) dual triode; it generates poitive voltage pulses of 220 Vv ampli- 
tude and 5 to 8 Microsec duration with retetition rate of 800 pps. These 
pulses passing through the cathode follower, Gets utilizes the right half of 
| the dual triode L2~3 (au), coubrol ‘the performance.of'the modulator discharge tube. 
| Pulses from the locking oscillator I2=3 are also. admitted through the 
cathode follower L2- 4{ NSP) to the AFC eye where hey are used on ney | 
ation: (modulation) of ‘the sereen grid of the pentode 12-18(6NIP). 

| The modulating pulses of 5.5 kv amplitude ; 0.65 microsec duration and 
repetition rate 800 pps are formed in. the modulator ‘assembled as a 
circuit with artificial puree shaping line and hydrogen thyrotron 12. T 
(20I- 1-55-5), the latter acting as a discharger, and’ are then fed to the magne tron 
12-9 (MI- 158), 

Magnetron oscillator generates pulses Of 0. S microsec duration and {P 39] 
not less ‘than 5 kw power. | | | 
= 39 - | | 
SotataR een —} 50X1-HUM 
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Powerful ee pulses from magnetron oscillator are admi uted : 
to antenna end are ‘then irradiated into space. Due to the presence of an- 
tenna switch in form of a RR- nes ATR’ ‘tube, the receiver "becomes dig: 
| connected during the trenswission of main pulse. | 
: Negative synchronizing puTEe with amplitude of 80 v is ise taken from 
‘the modulator which is fed to “F amplifier for disconnecting the receiver 
: during transmission of main pulse, for disconnecting the noise AVC circuit - | 


during reception and for triggering "fast saw+tooth" multivibrator located : 


in the range unit. ! 


Part of the energy of the high-frequency pulse from the magnetron oscil- — 
lator is admitted through aibtenuator to the mixing chamber of AFC, where the 


‘erystal detector D2-1(D2-2) acts as a mixer, .To the AFC mixing chamber are 





| also admitted continuously high-frequency oscillations from klystron oscil- 
* lator 12-11(K-27). | 
As a result of mixing of two hi gh-frequertey oscillations, at the output 
oe of the AFC is formed a pulse having a frequency equal to the difference aa 
tween the ersanenoy: of klystron Local oscillator and the frequency of negee- 


* 


tron oscillator. | | 

‘This pulse is enplitiea by two IF stages of the AFC circuit assembled | 
with diodes (12-17,12-18), and is then admitted to bis Atecininater eset LP 40) 
incorporating the dual didde 12-19(6kh2P) . Detected pulses from the discrimi- 


a nator output are fea tO the two-stage ree amplifier sneer ora ene dual 





| triode b2-20/6N5F /; here they are enplifiied and fea to the ae tube, i. be 


the right half of tube 12- enn where ‘second detection of the AFC pulse 


e takes place. | . 
cs re | 50X1-HUM 
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Negative voltage from 12-21 tube is fed to the repeller electrode of the 





klystron. | r 


ae % ) ~: - aa aaa 
f 
i 
\ f 
Be a 


eet Ta Scale sande eh Twn at a 


If the iaieeciien of IF exceeds the klystron adjustment limits, ss 
the blocking Oscillator pulses from left half of 12-21{6N2P) tube are fed to | 
right Half of 12-20(615P) tube, thus replacing the ‘pulses arriving from the 
discriminator. The AFC circuit forms control voltage which maintains the 
| Kkiystron frequency ae a | Voltage that is 50 Mc higher than the magnetron 


frequency. : 


74 
. : soy fee 
nose sob Ae 44 at Sen 
Kee ei ea eee ot 
® 


| During reception, the pulses ace from: target are edutitied into main 
- wave guide through the ATR tube 12-12 (RR-21) through che mixing chamber a the 
meee yee where crystal diode type D4056, DYO5S6A(D2-3, De-+) act as mixers. | 
| To the mixing chamber of the receiver are also admitted continuously oscil- 
lations from klystron local oscillator. A number of frequencies are formed | 
after mixing ,» from which the 30 Mec iF it separated out on the Load of the 
receiver mixer (input-circuit of IP preamplifier) . 
| After passing all seapae of the IF preamplifier, seaihad with Le ~ 1, (Pp eo 
12-0( 6215) tubes, the amplified signals are fed to the input of main IF an- 
plifier of the range unit. 
| High-voltage rectifier soesubied with 12-6, Le- 5(687B) tubes areas 
power to modulator tube 12-7(TGI-1-35/3) at a voltage of -1450 v. 
| Firing rectifier is asseubled with 12-10(Tkh-2) 12. 15(SGsB) and 12-16 
(6S7B) tubes and it feeds power to discharge tube b2212(RR-21) at a voltage. 
of ~750 © Vv; marco ace tees firing of the discharge tube aes the operation 


vhe unit one its operation of transmission. oe 


- )2 - 
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4 Aa 15. Description of the operation of the unit according to 
! eo | | the schematic diagram 

SPN })2 | (Low frequency unit) 


a) Submodulator (fig. 12) 


- The operation of the modulator is controlled by a Sitneaiiator: 


in which voltage pulses of the required amplitude, duration, shape, 
and repetition rate are formed. 


The submodulator comprises a double triode type 6N1P (L2-3) .and 
consists of two stages: a blocking oscillator with self-excitation 
which occupies the left half of the tube, and a cathode repeater which 
egcunes the right half of the tube. 


The pulse from the blocking oscillator is used for manipulation 
of the AFC system for the emission time of the main pulse. 


oie In order to eliminate the effect of the submodulator on the AFC 


circuit, a wen geen pulse is sent through the cathode repeater hen 
ne | | 


tale 
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7 Blocking oscillator (fig. 13) 


The blocking oscillator or pulse generator with transformer 
coupling is a single-tube self-oscillating system of the relaxation 
type with strong positive feedback, making it possible to generate 

_ short pulses, under certain. conditions, which are close to square 
pulses in shape (fig. Lh). 


We will begin our examination of the operation of the blocking 
oscillator from that moment +t, when the left half of tube L2-3 C6NLP ) - 


wis blocked due to the voltage drop across resistor R2-10, which is 
caused by a discharge of capacitor C2-1h; the latter was charged to” 
a voltage Ust with the polarity shown in figure 15. 


ee Consequently, at this moment. the voltage Ug between the grid and. 
_ the cathode will be Ug = Ust. 


| Discharge of the capacitor occurs exponentially with a time 
constant equal to the product of capacitor C2-il and resistor K2-10. 
We will disregard the voltage drop in the secondary winding of the 
transformer since its resistance for the discharge current is very 
small. : 


At the spree 3 there is a point when the voltage in the grid 
_ reaches the value Ea» after which the tube opens and the anode 
. current i,, which will pass through the primary winding of the trans- 
- former, begins to build up (fig. 15). 


A voltage U5 will be induced in the secondary grid winding. 
The ends of the secondary winding are connected in such a manner that 
_ the voltage in the grid increases as the anode current increases. 
This voltage has positive polarity relative to the cathode. This 
voltage increase in the control grid of the tube of the blocking 
- oscillator causes an even greater increase in the anode current. In 
addition, there will occur a decrease in the voltage of the anode of 
the tube due to the increased voltage drop in the primary winding of 
the transformer. — 


The increase in anode current causes a further increase in . 

_ voltage in the control grid of the tube, and this, in turn, causes an 
even greater increase in anode current, etc. This process of 
avalanche~type ee of anode current is called a direct blocking- 
process. 
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| Naturally the anode current cannot build up infinitely since it is 
_ limited by the characteristic of the tube. 


It should be noted that in the beginning, the rate of voltage 
' build-up in the grid increases. 


| The increase in grid voltage is linked to a corresponding decrease 
_ in voltage in the anode of the tube, which becomes less than the 
_.. voltage in the grid of the tube. This situation gradually moves the 
operating point of the tube toward that region of the tube character- 
. istic where, because of the decrease in steepness of the anode current 
_ characteristic and the increase in steepness of the grid current 
characteristic, the necessary self~oscillating conditions for the 
existence of the blocking process no longer exist. 


om As a result of this there appear forces which lead to a decrease 
- SPN 7 in the rate of build-up of voltage Uqg in the grid, although voltage U, | 
_ .. . + itself continues to increase. With the increase in voltage in the grid, 
the steepness of the characteristic assumes smaller values and, conse- 
quently, the forces causing the decrease in the rate of build-up of the 
. voltage increase. It is therefore natural that finally, at a particular 
. moment tT, very close to the moment t2 , the voltage at the grid reaches — 
_. @ maximun Ug max, after which there follows a stage of comparatively 
slow change in the voltage Ug at the grid (the flat part of the pulse) 
- as well as all remaining voltages and currents. , 


At the onset of this stage the voltage at the grid begins to . « 
_. decrease rather slowly; however, this decrease does not at first cause 
a‘ a noticeable weakening in the anode current due to the small value of 
he | ' . the steepness of the tube characteristic in this region. Since in this © 
a _ . ., stage Ug > 0, and the voltage at the anode is sufficiently small, a 
8 -* : rather large grid current commensurate with the anode current passes 
through the tube. As a result of this current, capacitor C2-1l charges, 
. leading to an increase in voltage Ug. With a decrease in voltage at 
_ the grid, the operating point of the tube gradually returns to the 
; | region of the characteristic in which the steepness assumes greater 
4 ee values. 


Bo At a certain moment tz , the steepness of the characteristic 
reaches a value at which the condition for existence of the blocking 
effect 1s again satisfied. The decrease in voltage at the grid begins 
to cause a more noticeable decrease in the anode current of the tube, 


al 

SPN 18 . which leads to a voltage decrease in the windings of the transformer. 
A | : As a result of the decrease in U, there occurs a further more intensive 
4 ses * ‘decrease in the voltage Ug at the grid of the tube; this causes a still 
3 C greater decrease in the anode current and, in this manner, a blocking 
8 : Oo = 2 . -}7 - . estas agaenee 
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effect phenomenon similar to the one descripved above but acting in the 
opposite direction originates. This "reverse" blocking effect leads to 


-a@ sharp érop in voltage at the grid of the tube and a rapid blocking of 
. of the oscillator tube. 


_ At the moment the tube is blocked, short-duration emf's of rather 
high value and opposite polarity, which rapidly drop to zero, are } 


- induced in the transformer windings. After blocking of the oscillator 


there begins a stage of slow discharge of capacitor C2-1l in the grid 
circuit; this is the point at which we began our examination of 
processes in the blocking oscillator. 


| The duration of generated pulses is determined by the parameters 

of the grid circuit of the tube and the parameters of the pulse trans- | 
former. The pulse repetition rate is determined basically by the 

time constant of the discharge circuit of capacitor C2-1). The pulse 
repetition rate may be regulated by changing the value of resistor 
R2-10. The output voltage of the blocking oscillator is taken from : 
an auxilliary winding of the pulse transformer, applied to the grid of 
the cathode follower (the right half of tube L2-3), and represents 
positive pulses with an amplitude of 220 v, a duration of 5 to 8. 
microseconds, and a repetition rate of 300 pps. 


Resistor R2-13 is connected in parallel with the output winding of | 


the pulse transformer and forms the ballast load of the winding. 


A positive pulse for triggering the AFC system is taken from this 


winding of the pulse transformer. The trigger pulse is applied to 
triode L2-l; (6N3P) which is introduced into the circuit for the purpose 


of decoupling the input circuits of the AFC system and the modulator; 
the triode also plays the role of a limiter. 


| In the cathode of L2-l (6N3P) is the divider R2-20, R2~l) from 
which the trigger pulse passes through the coupling capacitor C2-3) 
to the screen grid of tube L2-18 (6Zh1P) of the second rf amplification 
stage of the AFC system. Figure 1) shows the pulse at the output of 
the blocking oscillator. 


In order to decrease the influence of the blocking oscillator on ? 
the other circuits of the radar, a decoupling filter consisting of 
resistor. R29 and capacitor C2-13 is connected to the oscillator anode 


circuit. . 


| 7 50X1-HUM 
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/ — Ys The cathode follower 


Positive pulses from the blocking oscillator are taken from the 
auxilliary winding of the pulse transformer and applied to the grid of | 


_, the cathode follower (fig. 16) in order to avoid the effect of the 
_ modulator on the blocking oscillator of the submodulator and for the 


purpose or matching the anode resistance of the load and the output — 
resistance of the blocking oscillator. : 


a The load resistor R2-12 is selected so that the amplitude of the | 

derived pulse will be no less than 150 v. Figure 17 shows the pulse 

at the output of the cathode follower, | eae 
g) The modulator 


_ The modulator of the transmitter is based on a circuit with an. 
artificial pulse-forming line LF2-1 which discharges through the | 


_ thyratron type TGI-1-35/3. The circuit of the modulator is. given in 


. Operation of the modulator may be divided into two stages: the . 
recharging stage of the pulse-forming line, and the resonance _ 
recharging stage of the line. 


During pulse recharging of the line a negative square pulse with - 


an amplitude of 5,500 v is formed in the secondary winding of the pulse 


transformer and is applied to the magnetron, which forms the load of 


the modulator. . | | 


For an explanation of the principle of operation of the modulator 


we will convert the modulator circuit to an equivalent circuit (fig. 19)a 


A negative voltage of -1,l50 v is applied to the cathode of the 
lee i the high-voltage rectifier, which comprises tubes TKh-2 
= 3 = ® 


At the moment a positive trigger pulse from the submodulator 
arrives, the thyratron is fired by the -1,)50 v source and the pulse- 
forming line recharges in’ such a manner that, toward the end of the 
recharging period, the voltage in the line is equal in magnitude to 


_ the voltage at the cathode of the thyratron; that is, it is equal to 


the voltage of the -1,50 v power supply. When the recharging period 


_ terminates, the thyratron is extinguished and the pulse-forming line 
_ slowly begins to recharge through the following circuit: the pulse- 


= 52 = 
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forming line, the primary winding of the pulse transformer, and choke 


 Dr2-1 (fig. 20). 


A diagram of the discharge circuit of the line is shown in 


figure 21. 


The recharge circuit represents an oscillatory circuit whose 
capacitance is the total capacitance of the pulse-forming line LF2-1 
and whose inductance L is the inductance of the choke Dr2-1 (the 
inductances of the pulse-forming line and the primary winding of the 
pulse transformer may be disregarded because of their small value in 


' comparison with that of choke Dr2-1). Thus, the parameters of the 
oscillatory circuit are selected so that the period of natural oscil- 





lations is equal to T = » where F is the pulse repetition rate 


a) 


Figure 22 shows a graph of the voltage change in the pulse- 
forming line. It can be seen that, for a period of natural oscilla- 
tions equal to T, the trigger pulse of the submodulator arrives at the 
moment when the voltage in the pulse-forming line, as a result of the- 


_ resonance recharging of the line, becomes equal to+1,450 v. With the 


arrival of the positive pulse, the thyratron fires and the period of 


. pulse recharging begins. 


The trigger pulse to the grid of the thyratron passes through a 


saa capacitor C2~16 and a resistor R2-15 which serves as a limiter . 
of the thyratron grid currents. : 


Resistor R2-1h is a leak resistance in the control grid circuit 


of the vnyratron.: 


Figure 21 shows an equivalent circuit of the pulse recharge sys-~ 


tem of the line. It may be seen from the picture that at the moment 


the thyratron fires there are two series-connected emf's in the 
recharge circuit <= the emf of the battery E and the emf of the pulse~ 


“forming line, which is charged to the voltage of the power supply. 
These emf's are loaded with two resistances -- the characteristic 
impedance of the line and the resistance of the load, which is equal. 


to the characteristic impedance of the line. Thus, a voltage epprox- 
imately equal to twice the voltage of the power supply is applied to 
the anode of the thyratron relative to the cathode. In view of the 


equality of the characteristic impedances of the pulse-forming line 


and the load, this voltage will be, in the ideal case, equally distri- 
buted between them, and in this manner a voltage will appear at the 


load which will be' equal to the voltage of the power supply. 
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. From the theory of infinite lines it is known that a line loaded 
by a resistance forms within it a square voltage pulse, the duration 
of which is determined by the recharge time of the line which, in 
turn, is determined by the parameters of the artificial long line. 
Thus, the best shape of the pulse and the greatest efficiency will be 
obtained by completely matching the characteristic impedance of the 
line with the load resistance. (The resistance of the fired thyratron 

- may be disregarded due to its small size). : 


The modulator of the unit uses a two-element artificial dine of 
the. dink type. Its parameters are: 


16.5 microhenries 
4,300 picofarads 
68 ohms 

0.65 microsecond. 


oy | a) total inductance 
SPN 58 - bo) total capacitance 
¢) characteristic impedance 
ad) shaped pulse duration 
(for a level of 0.5) 


AMO 
it fi oat 


As was noted above, the magnetron is the load of the modulator. 
But since its resistance for the given operating conditions differs 
sharply from the characteristic impedance of the line and is equal to 
1,300 ohms, direct connection of the magnetron to the modulator would 
Lead to mismatching of the line, a significant decrease in efficiency, 
_ and to sharp distortion of the shape of the modulating pulse. 


In order to avoid this, the magnetron is connected to the modula- 
tor through the pulse transformer Tr2-5, which makes it possible to 
“match the characteristic imoedance of the pulse-forming line with the 

resistance of the magnetron. In this case the resistance of the 
primary winding of pulse transformer Tr2-5, taking into account the 
total resistances of its auxilliary windings, is equal to 68 ohms; 
that is, the pulse-forming line is loaded by a resistance equal to its 
characteristic impedance. 


In addition to performing this matching function, the pulse 
transformer is used to obtain a pulse in the secondary winding having 
an amplitude several times greater than the voltage pulse in the pri- 
mary winding (on the order of 5,300 + 5,700 v). This makes it possible 
to use the sources of lesser voltage and, consequently, also simplifies 
BAenr VOneaee protection of the circuit of the unit. 


ie The ani transformer has a double secondary winding through which 
‘SPN 60 the filament voltage passes to the magnetron. Such a filament supply 
 ¢@ireuit makes it possible to use the transformer as a filament-supply 
transformer under a relatively low voltage. in order to create a 
closed circuit for the variable component of the magnetron anode cur- 
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- rent, leads 3 and 5 of the secondary winding of the pulse transformer 


are blogked by capacitors C2-21, C2-22, C2-23, and C2=2h, forming a 
so-called filament supply circuit with a middle grounding point (fig. 23). 


As a result of the fact that the moment of firing of the thyratron 
relative to the pulse of the submodulator blocking oscillator fluctuates - 
from pulse to pulse within the limits of 0.03 to 0.0) microseconds, it 
is: impossible to provide synchronous’ operation of the entire station 
from the pulses of the submodulator; therefore, a pulse, in addition 


to the modulating pulse of the modulator, is taken from auxilliary 
winding 7-8 of the pulse transformer for the purpose of synchronizing 


the operation of the station. This pulse has a duration of 0.6 micro~ 
seconds and an amplitude of 80 volts. (See fig. 18). In order to 
avoid parasitic oscillations, the winding is shunted by resistor R2~26,. 
To eliminate "noise induction", the trigger pulse is picked up with the 
aid of shielded conductors. 


The trigger pulse is taken from winding 7-8 of transformer Tr2-5 


(fig. 18) and is fed through the right half of tube L2~l; to the 


ranging unit of the station for synchronization. Load resistor R2-l1L 
is specially selected to match the amplitude of the trigger pulse. 


A 3 kv spark discharger L2-8 R-1 is connected in parallel with 
the primary winding ox the pulse transformer. In the case of various 


malfunctions, such as in operating the modulator with no load (the 


magnetron not generating), the spark discharger does not permit the 
voltage in the pulse-forming line to exceed 3 ky. 


A small inductance L2-8 (5 eeheee is connected to tne anode 
circuit of the thyratron for the purpose of improving the aa 


conditions of the thyratron. 


In parallel with the thyratron filament is capacitor C2-17, which 
serves to eliminate stray pulses from the filament and the filament 


winding of the transformer. 


The modulator aaeeare as used in the given unit has substantial 
advantages over other circuits with artificial pulse-forming lines. 
This may be seen in the fact that the voltage at the high-voltage points 
of the modulator does not exceed the voltage of the power supply (1,450 v), 
while the amplitude of the eee at the load is equal to the voltage of 


“ 


In other circuits the voltage in the Line and at the anode of the 
thyratron is twice the voltage of the power supply (with respect to 


| ‘“ground"), while the pulse amplitude at the load is equal to the value 
of the power supply voltage. | | 
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/ d) High-voltage rectifier 


The high-voltage rectifier operates in a voltage doubling circuit 
with two thyratrons type TKh-2 (L2-5, L2-6). | 


A schematic diagram of the rectifier is given in figure oh. 


The rectifier and voltage doubling circwit consists of two series= 
connected Single-phase rectifiers operating with a capacitive load. 


One of the single-phase rectifiers is formed by the secondary 
winding of transformer Tr2-l, thyratron L2~5, and capacitor C2-l8a;3. . 
the other is formed by the secondary winding of transformer Tr2-l,, 

_ thyratron L2-6, and capacitor C2-18b. 


Thus, for one half-period the voltage of the secondary winding 
charges capacitor C2-18a through thyratron L2-5, and for the other -- 
capacitor C2-18b through thyratron L2~6. 3 


The total voltage with respect to the frame which is taken from 
point "a" is equal to - 1,))50 v. 


The modulator thyratron is the load of the rectifier. 


Divider resistors R2-22, R2=23, and R2-2l, (1 Megohm each) are 
connected in parallel with capacitor C2-18. The purpose of the divider 
_ is to create a capacitor discharge circuit; that is, it is the ballast 
_ ‘load of the rectifier. 


These resistors protect the capacitor from disruption during no- 
load operation of the rectifier. 


To provide step regulation of voltage at the output of the high=- 
voltage rectifier, the primary winding of the transformer is made with 
_ taps. By switching the tap, which is connected to a ~ 115 v, 1,00 eps 
' network, it is possible to change the voltage in the secondary winding, 
increasing it or decreasing it relative to the position of the switch 
| by changing the transformation ratio. : 





| ye) Firing rectifier for ATR tube 


The firing rectifier for the ATR tube is tube TKh2 (L2-10) 
(fig. 25). ‘ ; 


A voltage of - 750 v is applied to the anode of TKh2 from the 
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secondary winding of transformer Tr2-10. 


| Thé rectifier operates in a single half-period rectification | 
circuit. 


The rectified voltage is taken from capacitor C2=31. This voltage 
is applied to the firing current stabilizer of the ATR tube, which 
comprises tubes L2=15 (SG-5B) and L2-16 (6S7B). 


The stabilizer circuit maintains the load current during changes 
in input voltage as well as during changes in load resistance. 


Triode 6S7B is used as a control tube in the stabilizer. In order 
‘to compensate for large negative bias formed by a voltage drop at the 
cathode resistor R2-39, a constant reference voltage is applied to the 
control grid circuit of the control tube (tube L2-15 (SG5B) is used as 
the source of the reference voltage). This voltage acts counter to the 
i voltage in resistor R2-39. The voltage is taken from potentiometer 
SPN 66 R2-78. By using the potentiometer to regulate the bias in the control 
| _ grid, it is easy to establish the required load current. Resistor 
R2~39, which is connected to the cathode circuit of the control tube, 
represents a current feedback element with which current stabilization 
is achieved during changes in load resistance. Let us assume that 
the. load resistance increases for some reason. This causes a decrease ~ 
in the anode current and a voltage drop in resistor R2-39, and, conse~ 
quently, a decrease in negative bias at the grid of control tube L2-16,. 
The resistance of tube L2-15 for a constant current will drop and the 
load current will remain almost unchanged. With a decrease in load. 
resistance the bias at the grid of tube L2-16 increases, the resistance 
of tube L2-16 increases, and the load current also remains practically 
unchanged. : | 
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16,. High-Frequency Device of the Receiver-Transmitter Unit 
a) Function 


The high-frequency device of the receiver-transmitter unit is 
designed for generating powerful high-frequency pulses, for transmit- 
ting the energy of these pulses to the antenna-waveguide system, for _ 
switching the antenna-waveguide system from transmit to receive, and 


for converting the received high-frequency signals to i-f signals. 


_ The high-frequency device includes the following elements: 


high-frequency magnetron oscillator; 
antenna switch; 

receiver mixer; 

AFC mixer; and 

klystron oscillator. 


b) The high-frequency device 


In order to perform the above functions the radio-frequency head 


is arranged according to the block diagram shown in figure 26. 


The antenna switch consists of a main waveguide with a discharge 
tube for blocking the magnetron (RBP) and one wide-band discharge tube _ 
for protecting the receiver (RZP). 


When transmitting, a high-power pulse from the magnetron causes 
the discharge tubes to disruot and fire and an infinitely large resis- 
tance is created at the input to the receiver channel (according to 
the rule of quarter-wave sections of long lines); in this case all the 
energy of the magnetron passes to the antenna without significant 
losses, and the receiver mixer is blocked to the degree that the 


- leakage power to the receiver channel cannot cause damage to the 


crystal detector. 


During reception of the reflected signal from the target, the 
magnetron channel is blocked by the transmitter blocking discharge 
tube, and since the tube is located at a distance which is a multiple 
of half a wavelength in the waveguide from the receiver protection 
discharge tube, an infinitely large resistance is formed at the input 
of the magnetron chenne’ which prevents weak~signal losses in the mag~ 
netron branch. | | 
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Thus, the received signal enters the mixer of the receiver without 


Signifigant losses. At the same time, the mixer receives high-frequency 
- oscillations from the klystron oscillator which operates continuously 


at a frequency differing from the received signal by the value of the 
intermediate frequency. 


Due to the nonlinear characteristic of the crystal detector, an 


i-f signal voltage eppeane at its output and passes to the i-f ampli- 
fier. 


Simultaneously, the firing voltage is applied to the trigger 
electrode. 


There is a separate channel for the AFC system which is connected 


to the magnetron channel through a cutoff attenuator. The purpose of 


the attenuator is to weaken the power diverted to the magnetron chan~ 
nel to the level required for normal operation of the AFC mixer. 


Onarabion of the AFC mixer is identical to that of the receiver 
mixer. 


The difference frequency signal taken from the output of the 
AFG mixer enters the input of a special circuit, and from the output 


of this circuit'a control voltage moves to the reflex klystron. Hence, 


the frequency of the klystron oscillator is regulated by the AFC cir- 
cuit by changing the voltage applied to the klystron until the difference 
between the frequencies of the cerns and the magnetron equal the 
intermediate frequency. 


In this manner, up until the moment of arrival of the signal re~ 


flected from the target, the frequency of the klystron oscillator is 


adjusted to the frequency of the received signal. 


v) The magnetron oscillator 


The range-only radar "Kvant" uses a type MI-158 multicavity 
magnetron to generate high-frequency oscillations. 


At the present time multicavity magnetron oscillators are the 
basic type of radar oscillators for the centimeter-wave band. This can 
be explained by the fact that multicavity magnetrons have a number of 
advantages over other types of high~frequency oscillators. For in- 
stance, multicavity magnetrons are capable :-of providing large values 
of power in a pulse of comparatively small‘average power, and they 
have a high efficiency which may reach 70%, 
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| The magnetron oscillator operates in a pulse mode with a pulse 
repetition rate of 800 cps and generates high-frequency pulses having 
a pulse power P > 5 kw. Frequency of the high-frequency oscillations 
1s 9,370 & 4S Me. : | 


| The principle of operation of the magnetron may be represented by — 
a diode in which the flow of electrons is acted upon not only by an 
electrical field, applied between the anode and cathode, but also a 
magnetic field which is created with the aid of permanent magnets and 
directed perpendicular to the electrical field. 


As a result of the action of the electrical and magnetic fields 
‘on. the flow of electrons, the trajectories of the electrons are dis-— 
torted. Their movement may be represented by the curves show in 
figure 27. | 


This curved electron flow, in passing close to slots which con- 
_nect the cavity resonators with the cavity between the anode and 
- cathode, releases its energy and excites high-frequency oscillations 
. in the cavity resonators which, by means of coupling loops, are fed to 
the main waveguide. | 


The cavity resonators and the slots form the oscillatory system 
of the multicavity magnetron; the shape of one resonator with a slot 
is shown in figure 28. 


Thus, the cylindrical portion may be considered an inductance L, 
and the flat portion += the capacitance of an oscillatory circuit 
whose natural frequency f, may be approximately determined from the 
formula: 1 


= 
: orice 


| In view of the presence of many resonators in the magnetron, its 
‘oscillatory system proves to be very complex and, as is known, has not 
one but several resonance frequencies. In order that oscillations of 
_ only one frequency be excited in the system and that the frequency of 
' the oscillations be stable, so-called cavity resonator strips are used. . 


 . The cavity resonators are arranged in a circle in a heavy copper 
block. <A coupling loop is inserted into one of the resonators to con- 
duct the high-frequency energy to the main waveguide, which transmits 
it to the antenna. One end of this loop is soldered to the wall of 
the resonator and the other end is placed within the waveguide. An 
inner wire of the line passes through a glass seal which serves to 
hermetically seal the inner space of the magnetron. 
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In the middle of the anode block is a cylindrical heater cathode, 


sg which hgs a comparatively large diameter, providing a sufficiently 


large active surface necessary to obtain a large emission current. On 


4 both sides of the cathode are shielding discs which improve the struc- 
_. ture of the field in the interaction space. 


The cathode is fastened within the magnetron by means of holders 


S which serve simult pay as the cathode and filament leads. 


'. A node on the moideemeeroens the function of a high-frequency 


choke and prevents the flow of high-frequency energy through the tila- 
ment leads. 


A semneet magnetic field is created with the aid of a magnetic 


'. ' gystem consisting of a horseshoe magnet. 


When-a negative pulse equal to 5,500 v flows to the cathode of 


* x. the magnetron, the magnetron is excited and generates high-frequency 
: oscillations which, with the aid of the coupling loops, are fed to the 
/ waveguide. : 


For convenience and safety of operation, the anode of the magne- 


tron is grounded (since it is not convenient, to insulate the anode 


because of the large. dimensions involved), and a modulating pulse of 


o> negative polarity is applied to the cathode. 


g) Schematic diagram of radio-frequency head 


A schematic diagram of the radio-frequency head is given in 


a figure 29. 


The radio-frequency head consists of three basic parts: the 
antenna switch, _ the oscillator (heterodyne), and the mixer. device. 


We will examine each of these parts. - 


Antenna Switch 


The antenna switch, as was noted above, consists of discharge 


tubes for blocking the transmitter (RBP) and for protecting the 
"receiver (RZP). | 7” 


Discharge tube type RR-50 is used as tne RBP- and wide-band dis- 


"charge tube RR-21 is used as the RZP. Both types are designed to 
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operate in the required frequency range. 


For purposes of improving matching, a part of the main waveguide 
in the plane of RZP is made in the form of a 120-degree degenerate 
Y-joint. To accelerate the discharge, the RZP is equipped with a 
special firing electrode which is supplied by a current-stabilized | 
firing rectifier. 


When operating the antenna switch under low-temperature condi- 
fone, special attention should be devoted to one other parameter of 


_ the discharge tubes -- the recovery time. It is know that recovery 


time increases sharply with a decrease in ambient temperature. This _ 
means that the sensitivity of the radar set at negative temperatures. 


will be considerably less than required during the recovery period of 
_. the discharge tube, which corresponds to a range of 1,000 to 2,000 m. 
Therefore, a warming system is used in the antenna switch to achieve 

8 normal recovery time. . 


The warming syaten-couwiees a heating element and a thermo- 


regulator. 


-A schematic diagram of the system is given in figure 29. 


The heating element and thermoregulator are placed in discharge 


tube RR-21. The magnetron blocking discharge tubes do not have special. | 
| heaters since they have less effect on the total ‘recovery time of the | 
~ antenna switch. | 


Let us examine the heating system for RZP. 


Under normal temperature conditions when the set is switched on, 


|  ‘eontacts 2 of the thermoregulator are open and the heater is switched 


off. 


The thermoregulator has been adjusted so that contacts 2 close 


at a temperature of no less than + 5°C, and open at a temperature 


greater than + 40°C. The heater for the discharge tube are switched 
on in this manner through contacts 2. 


As soon as heating begins, the temperature in the shell of the 


_ Gischarge tube begins to rise. 


Thus, the heater system will automatically maintain the tempera~ 


ture in the shell of the discharge tube within limits up to + 0° C 
- with ambient temperatures up to - 60°C... A bimetallic strip relay is 
used for the thermoregulator. | | | | 
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y Mixer Device 


The mixing device is designed as a balancing network. High- 
reliability silicon detectors type Dl05-B, DuOS-BP are used as mixers 
'4n the receiver channel, and type Dl05-A, DiOS-AP in the AFC channel. 


The use of a balancing network makes it possible to suppress 
klystron noises at the output of the mixer; thus, there is a gain in 
“sensitivity on the order of 2 db. ‘The balancing part of the mixer is 

a slotted bridge. The bridge connections are compact and wideband. 


The slotted bridge is formed by two sections of a rectangular — 
waveguide with a common with a common narrow wall. In this common 
wall is a slot which forms a coupling section between the two wave=- 
guides (fig. 30). . : 


The properties of the slotted bridge are completely identical for 
any arm under conditions when the remaining three arms are loaded with 
matched Loads. 


If a power is applied to arm "L", it will be divided in half be- 
tween arms "3" and "4" and will not go through arm "2". 


This property of the bridge is explained by the fact that two 
types of waves originate at the boundary of the coupling section which 
compensate for each other in arm "2". . 


An important property of the bridge is that the wave in arm ja 
leads the wave in arm "3" by 90. Thus, the power levels in both arms 
are identical. With a phase shift differing from 90 , the division 
of power in the arms is unequal. 


In the practical design of the slotted bridge, equal power distri- 
bution at the average frequency of the wavehand is achieved by tuning 
the slotted bridge with a capacitance control screw. 


When the slotted bridge is used in the ‘balancing mixer, crystal 
mixers are attached to arms "3" and ")", A mixer circuit with reversed 
polarity of the crystals is used in the described radio-frequency head 
(see fig. 31). This drawing shows only the high- and intermediate- 
frequency circuits. 


Let us examine how klystron noise suppression occurs in this case. 
The physical nature of i-f noises of the klystron are the same as for 
the received i-f signal. At the same time, the noise components of 
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the noise spectrum of the klystron, the frequency of which differs 

from the’ carrier frequency by the value of the intermediate frequency, 
are mixed with the carrier in the mixer and produce klystron noise, 
which have been converted to i-f, at the output of the mixer. The am- 
plitude of these noises is proportional to the power of the klystron. 
From here their further amplification in the i-f amplifier is undesir~ 
able, since they increase the total noise of the receiver and decrease 
sensitivity. | 


Mathematical analysis shows that if the signal were directed into 
the same arm as the oscillations of the local oscillator, there would 
appear at the output of the mixer with reversed polarity crystals 
i-f voltages which would be equal in amplitude but opposite in phase. 


If the signal were directed into one arm and oscillations into 
an adjacent arm (see fig. 31), the i-f voltages at the output would be 
equal in amplitude and in phase. | 


Following this explanation it is clear that the oscillator noises 
entering the same arm as the carrier are cancelled at the output, while 
the i-f voltages of the signal are added, since the oscillations of the 
signal and the oscillator enter different.arms of the slotted bridge. 


Figure 32 shows that in the d-c component circuit both crystals 
are connected in series and the same current passes through the crys- 
tals. Therefore, it is possible to control the current of any one 
crystal. This control is carried out by measuring the voltage drop. 
across a known measuring resistor (in our case, 100 ohms.) 


Series connection of the crystals in the d-c component circuit 
provides for automatic positive field current in one crystal from the 
current of the other. Such a mixing circuit has a balancing action. 


No matter to what extent the crystals differ in d-c resistance, impe~ 


dance at high frequencies, and in other parameters, when they are con- 
nected in such a circuit the current in the crystals becomes comoletely 
identical and the parameters of the crystals approach each other. 


This latter condition. is very necessary from the viewpoint of 


"the eeeree of suppression of klystron noises. 


‘ As seen from the circuit (fig. 29), the Seianee mixer has a 
single-cycle output and is connected to the input of PUPCh ale ampli- 
fier) by a single high-frequency cable. 


From the viewpoint of coupling to the input of the i-f amplifier 
and measuring crystal currents, a balancing mixer with reversed crys- 
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tal polarity in no way differs from a single-cycle mixer. 


ia he AFC mixer channel (after the cussff attenuator (71) (see | 
fig. 29) is a varsbe resistive attenuator [6] for adjusting the signal 
amplitude from the main waveguide to the necessary value. The cutoff 
attenuator is a circular opening in the waveguide. The attenuation of 
the cutoff attenuator depends on the diameter and length of the opening. 
An Alsifer probe is inserted into the opening of the attenuator to : 
suppress high harmonics of the magnetron signal. | 


The variable attenuator is a pertinax plate covered with carbon. 
Maximum attenuation of the attenuator is not less than 25 db with a 
standing-wave ratio of no more than 1.l. Attenuation of the cutoff 
attenuator is equal to 51 4 3 db. 


me Current in the AFC crystals is measured in the same manner as in 
Bee os the receiver crystal -- with the aid of a special filter box consisting 
SPN 83 of capacitors and inductances. | 


Oscillator 


| Klystron K-27 is used as the local oscillator in the r-f head of 
object RB6-2M. 


R-f oscillations from the oscillator fll] enter the head through 

a special coaxial waveguide junction [15] (fig. 33) which is connected 

to one of the arms of the distributing slotted bridge. The energy of — 

the oscillator is distributed in the slotted bridge between the AFC — 
and the receiver channels. The fourth arm of the distributing slotted 

bridge is loaded with a matched absorption load made in the form of a 

wedge of special shape. The standing-wave ratio of the load is no 

greater than 1.2 [16]. | 


The oscillator and antenna channels are bypassed through the use 
of the balancing circuit of the mixers, which eliminates the passage 
of energy from the oscillator to the antenna and the signal to the 

oscillator. | 


Regulation of the power of the Klystron entering the mixer is © 
accomplished by the use of variable attenuators [i,5] of the Laminated, 
knife-type. Attenuation is introduced by lowering the plates into the 
waveguide. Attenuation is not less than 25 do with a standing-wave 
ratio not greater than 1... The absorbing plates improve the matching 


of the klystron load. 
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) d) Design features of the radio-frequency head 
_A general view of the radio-frequency head is given in figure 3h. 


In order to decrease weight, the entire radio-frequency head is 
made with aluminum waveguides. The slotted bridges, attenuators, and 
the detector section are made of 10 X 23 mm waveguide sections. 


For compactness, the entire receiver section of the radio-fre-~- 
quency head is designed in the form of a four-component subassembly. 
All four detector sections of the two balancing mixers are located in 
a line, and replacement of the crystal detectors may be carried out 
from one side of the radio-frequency head. 


When replacing the crystals it is necessary to make sure that the 
type and polarity of the crystals correspond to the type and polarity 
specified in the r-f head. then this is not done, crystal current will 


be very small or close to zero and sensitivity will drop sharply. 


The r-f head has two controls for regulating the crystal current 


m3 of the receiver and AFC mixers. The controls have lock nuts. 


The local oscillator section:is attached to the unit separately 
from the remaining part of the r-f head and is connected to the latter 
by means of a coaxial waveguide junction. | 


the radio-frequency head also has a filter box consisting of ca- 


pacitors and inductances which are connected to the crystal current 


measuring circuit. 


L7. Automatic Frequency Control of the Klystron 


AFC (Figure 2) 
The frequency of the magnetron oscillator and the klystron oscil- 
lator may change during operation of the radar. This change may be 


caused by a change in ambient temperature, pressure, power suppl 
voltages, or for other reasons. 90X1-HUM 


At the same time a change will occur in the intermediate frequen- 
cy, which is equal to: ts 


Sint. = Guay. - $mage 
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where: { int. is the intermediate frequency, { kdly. is the frequency 


of the klystron oscillator, and ( mag. is the frequency of the magne- 
tron oscillator. 


The AFC system is intended to maintain a constant intermediate 
frequency by electronically adjusting the frequency of the klystron 
oscillator to that of the magnetron oscillator. The AEC system operates 


from the natural pulse of the transmitter. For this purpose there is 


a branch in the main waveguide line through which part of the energy 


of the magnetron oscillator is diverted to the mixing chamber of the 


AFC, This branch of the waveguide line is a cutoff attenuator with an 
attenuation on the order of 50 db. 


This attenuation is determined by computing the maximum leakage 
power to the crystal which will provide for its normal operation. 


The load of the crystal detector is the input circuit of the AFC 


'Gircuit in which the difference frequency voltage is derived. © 


Operation of the AFC is of a "searching" nature. 


The "searching" AFC is capable of tuning the klystron oscillator 


within wide limits. 


The AFC circuit. functions in the following manner: 


At the moment of emission of a main pulse, a difference frequency | 
pulse passes from the crystal mixer to the input circuit, which is 


tuned to a difference frequency of 30 Mc. 


The first stage of L2-17, comprising tube 6Zh1B, is the i-f amli- 
fier whose anode load is the standard -band circuit TRo-8, which is 


tuned to a frequency of 30Mc. 


The bias in the control grid is automatic and is formed by a drop 
in voltage across resistor R2-47. Capacitor C2-39 is blocking for the 
difference frequency. Capacitor C2~38 blocks the screen grid and is a 
filter for the + 150 v circuit. 


The amplified difference frequency pulse passes to the control 
grid of tube L2-18, which is the second i~f amplifier stage. Amplifi- 
cation of this stage is controlled by changing the negative bias at 
the control grid of the tube. A change in bias is made with the aid 
of potentiometer R6-5 ("AFC Gain") located on the control panel K-~6. 


In its normal state tube L2-18 is closed and opens only at the 
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4 SPN 90 moment of emission of the main pulse, when a positive AFC trigger 
pulse (80 v) is applied to the screen grid. 














: - : Thus, the AFC system operates only on the basis of a natural 
ny signal, and will not respond to other signals. 


From the anode load of tube L2-18 -- a resonance circuit comori- 
sing coil L2-20, the output capacitance of the tube, and the mounting . 
capacitance, a signal passes to the discriminator, which is based on 
tube L2-19 (6Kh2P) (Fig. 35). 


The discriminator is one of the basic elements of the AFC system; 
it converts the change in difference frequency to changes in amplitude 
of a video pulse, the value and sign of which vary according to chang- 
es of difference frequency relative to a frequency corresponding to the 
zero error signal of the discriminator or, as we will henceforth call 
it, the crossover frequency. | 


“« 7° ie . , 2 - . . 
8 Say oo ee ce . - sett . “ 
mone . ee eee! wo lias wt i. - Fah meal Neale Be eh aM fe, 
~ fe ne RSE a ait rl nee RES ig I a ee 


The input circuit of the discriminator (coil L2-21 and capacitor 
C2=16 and C2-4.7) determines its most important characteristics: the 
width of the frequency band (the frequency separation of the positive 
and negative humps of the frequency characteristic), and the cross- 
over frequency. | 
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Resistor R2-59 and capacitor C2-49 make up the load of one asiode - p 92 
a | of the L2- 19 tube; while the resistor Re -60 and C2- 590 meNe up the load 
of tne second diode of L2- 19. 

: ae loads are saaneneed symmetrically with respect to the dis- 
criminator, while the voltages on them are subtracted, Consequently, 
the output voltage of the discriminator represents the difference of 
voltage taken off the load of each diode of the L2-19. 

“Shown in figure 36 are all stages of pie transition from the 
‘schematic diagram of the input cirevit to the equivalent circuit. 

According to: the Alagran, capacitor Ca is equivalent to the 

sepeeieenee dappoaieed in the circuit by both diodes. Capacitors 
02-6, c2-47, and C3 make up a triangle which is replaced by an 
equivalent star of capacitors Cl, Cy, Cgn- | 

_ Resistors R2-57, R2-58 make up the "middle point" of the coil 
L2~ el, and are replaced by one resistor Ra, directly connected with | 
the middle aoe of the coil Le- el. | 

Shown in figure 37 is the complete equivalent circuit of the 
discriminator. In the circuit, preceding the discriminator, the 
L2-18 tube amplifier is replaced by an equivalent generator "T." 

Half of coil 12-21 and ee ee Cl and CII make up two | 
resonant series circuits, tuned to Preauencies a. = 283 and fo = 32 
megacycles. 

“With a’ change in the value of the inductance of the coil Le-2l, 
3 a certain retuning of circuits r and II is possible, and p 93 


consequently, a change in certain range of frequencies for the 
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crossover of the discriminator response. Since the Q-factor of 
the circuits is different, amplitude asymmetry of the negative 
and posivive humps of the frequency characteristics results. 

Since in the circuit under examination aniy the positive hump 
of the Prequency characteristic of the discriminator is used, 
the amplitude asymmetry of the humps is quite serene: See 
is even desirable. 

As a result of applying a frequency difference pulse on its. 
input, a video pulse ["signal-error"] is generated at the output 
of the discriminator. The magnitude and sign of the error signal 
depend entirely on the extent of deviation at a given instant, of 
the difference of heterodyne and magnetron frequencies from the 
intermediate fre3juency. The characteristic of the aiscriminator 
is shown in figure 38. 

If the difference frequency is less than the crossover frequency, 
the error signal is positive and is all the higher in amplitude the 
greater the difference frequency differs from the crossover frequency, 
and vice versa, if the difference frequency is greater than the 
crossover frequency, then the error signal is negative and is all the - 
higher in amplitude the greater the difference frequency differs from 
the crossover frequency. From the output of the discriminator the 

. error Signal passes through capacitor C2-51 to the control ete ong 
the video amplifier tube L2-20-a [6N3P] and omtne plate load of 
this ampiitier R2-62 to the second stage of the video amplifier 


[L2-20-b]. 
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“"Feom-the plate of 12-200 the video signal passes through p 96 
capacitor C2-56 to the control grid of the deniieeon tube L2-21b 
toner], ‘ybich operates as a grid- -leak detector. 

i We examine the operation of the grid-leak detector shown in 

. “figure ae. | 

-- If on the last video amplifier a positive video pulse appears, 

then capacitor c2-56 starts to charge up with respect to the C2-56 
civciit: the grid-cathode section of the tube L2-2lb, Ce-5fa, 
ground, the (150-volt, power supply, Rees R2-65, C2-56. 

| ‘The time constant of this circuit is small, since during the 

| time of duration of the video pulse the capacitor is able ue 
= charge up almost to the amplitude value of this signal. 

.. After termination of the video pulse, the capacitor starts to 
| @ischabge through che: cicuie: internal resistance of the tube 
“12-200, ground, soeseteor C2-57a, resistor R2-75,° capacitor C2-56. 

"the time conatant of this circuit is aves, and capacitor 
0-56 is not able to discharge completely before Cie Seva of the > 
next pulse. | 

‘The discharge « current causes the appearance on resistor Re-1) 
OF. & 2 voltage, applied negatively with respect to the control grid, 
" whieh arops the current through tube 12-21b.. 
| a Because of this, the voltage sal across resistor R2-73 is 
lowered, and the negative yenreee at the output and feeding the 


xlystron heterodyne se aaa rises, which increases the generating 


| frequency of the » klystron. 
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- Therefore, the next pulse arriving in the: “APCh (AFC) system : p 98 
“wptthave « a highersaitference frequency. In the discriminator, 
this pulse : is converted to a video pulse with a smaller amplitude than 
the | preceding video pulse. This is clear from the frequency characteristic 


08 of the: disériiinator. (tigure 38). 


Ob oe im 6 eee ee ee eee 


‘Since capacitor ce. 56, is not able to discharge completely before 
wits arrival of the next video signal, Lit is only given an additional - 
otras fron ‘this: signal) but of a smaller magnitude. | | 
: | Tn: the. event of arrival ‘of the pulse at the: input, the difference 
“Promenty nte equals 30: megacyeies, in the grid detector is eseabraened. 
“valance, i. ee, the capacitor is given an additional charge equal to 
the discharge. prior to the arrival of ae next video pulse. At the 
output of. the. AFC; in this case, the eee which is fed to the 
" klystyon: repeller,. ts changed little and he xlystron frequency 
| remiis, 4 in fact, fixed. 
| if the ‘difference frequency is changed - in a. a manner’ such t that it 
becomes - larger ee the crossover. frequency, ‘then the circuit of 
the are ‘converts to. the search mode. On the. output of the aieeviniextoe: 
- and. subsequently, on: ‘the output of shin is amplifier, will appear 
negative x pulses, wnich will not provide an additional charge ‘to capacitor 
c2- “56. | 
| Consequently, | the negative aes on the Seria of tube L2-21b will 
- lowered whieh, will lead to an increase in the plate current of 
a tube 2 21. ak | 
we . Moreover, the negative voltage on the cathode of the tube 
apie will he rehneea so rapidly and reden such a, value that the 


| docking generator tube [52-214] Opens... 
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q fhe, blocking generator [L2-21a] operates in < a wait mode. . p 99 
. | The oscillations of this generator, from the cathode of the tube 
IC eet through capacitance va oy and resistor Re- ~299 are. applied to 
the 0 grid oe the video amplifier [tube Le- 20b]. 
Since there as a zero potential on the control grid. of this tube, 
: the positive pulses of the pideking: generator are clipped, because of — 
| the’ arid currents. of the ear while the wesatiye ore which were 
previously differentiated, are amplified. = 
| / From resistor R2-65, which is the inte, =e of. Lube. Tes 20, 
| the amplifies mises: of positive polarity are ‘fea to the. ‘grid’ 
| detector [tube L2- Bhp}. 
<AS @ result of the detection of these positive pulses, 
z capacitor: 2s 56 charges. | 
: “Moreover, ‘the negative grid bias, of 12-21b increases, hich 
leads’ ‘to a arop in the current of this tube and an ingrease in the 
“negative voltage at the ‘cathode. 
: “mais increase in _ negative eateaus ReSehes:: a value e such that the 


| Blocking generator tube" ts. cut off. 


“after this, capacitor Ce- ae begins to discharge alowty until the 


, oe 


xigre Es" 


this’  Hgearen node" will be continued until the: difference 
pe remains equal | Ss 30 wien Now, ‘the APCh (AFC) circuit 
e “is: salitomticalty retuned to a regulating mode, while the: blocking p 100 
ee geherator at this moment. is .cut- off. 


Io cA ‘potentioneter’ Re- 71 serves to establish necessary value 
: of the: ‘eference voltage 4 for the APCh ooo with the aid of which 


the voltage On the cathode of the pacesine peseratox is: regulated. 


PRs voltage ts ebaurt sarees @ manner ‘such that its value corresponds 
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to the middie of the penetnwsne region of the klystron, 
A general view of the APCh* (AFC) is. shown in figures. ho and 41 


The schematic diagran is shown in figure: bee 


| / 
'18,. Structural Design of the Unit [Figure 3] 


The receiving-sransmitting unit is structurally on a welded chassis, 


Dad is rigidly fasteded by Screws from the front panei. The chassis of 


fs unit is housed in a cylindrical case on which a ring moves to fasten 


) 
‘the. -case to the front panel of the unite The maximum diameter of the 


‘unit * 20 nillineters, the length L = 368 millimeters. 
To provide the unit with the necessary air tightness .from the 


internal side of the front panel, there is a circular groove containing 


. 4 a rubber lining. 


The flange of the case is fastened to this lining by the movable 


ring using screws with washers and springe. “There are fins on the case 


7 to increase the cooling surface. 


On the front panel of the unit are located: 

a) 17-pin sealed plug-type connector for connetion with the 
intermediate cable. 

b) Sealed waveguide outlet ae connecting the antenna~vaveguide 
system to the receiving-transmitting unit. 

.v) Sealed highefrequericy piug-type connector which serves to {SPN 101 

connect the PUPCh with the main UPCh. : 

&) Sealed high-frequency plug-type sametor for pies pulse 
outlet. 


_- a) Nipple for pumping air. 
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Perpendicular to the front panel is fastened the chassis which 


has openings of complex configuration through which pass the projecting 


sections of the radio frequency head, the magnetron, and the envelope 
of the diate, | 

| Located on the chassis. from the top are: intermediate frequency 
preamplifier in the Pesia of a separate subpanel, APCh (AFC) subpanel, 
recharge choke, pulse transformer, X-27 klystron, switeh for primary 
winding of high-voltage transformer, shaping lin 

- Located underneath the chassis are: radio frequency head, 
sABAbROR: high voltage transformer, filament transformers, fan aciee. 


The magnetron generator is located so that the magnets with the 


oscillatory system of the magnetron are located in the lower part 


of the unit and the leads of the magnetron filament and the cathode 


are located in the upper part of the unit. 
2 Range-only Radar Receiver Unit p 107 


= (19. Function of Unit 


The range-only radar receiver unit is designed for: 


a) Amplifying intermediate frequency signals and converting 


them to video signals 


b) Search, lock-on, and range tracking of the target in the 


operating range, and. generating a voltage proportional to the 


range to the target for two operating modes. © 


v) Signalling the lock-on of the target 


In the absence of signals reflected from the target, the unit is 


in the search mode. The search range is set by the "RS-SS" switch 
~- 92 «= 
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Fig. 45. Underside of R56-2i " 
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located the pee cabin, With the appearance of a signal reflected _ — ; 
© from the target 9 the unit fa switched to the tracking mode and generates 
a voltage which is proportioiial to the distance to the target. With the 
simultaneous appearance of several targets in the zone. Swept by ‘the | 
 range-only radar, the system for determining distance will ~ lock- -on- the 
closest one of them, and a voltage will be established on the output | 
of the unit proportional to the distance to it, : 
(20, BASIC TECHNICAL CHARACTERISTICS OF THE UNIT 
| a) Search Limits | 
~~ a in MA" mode =~ 200-3,200 meters 
a ees o mode == 800-7 ,500 meters | [SPW 108] 
‘b)- ‘Dependence of range voltage on distance to target: | | os 


an oe cde -- Ud [vj] = 195 - Dim] 


Es 


20 


in "Bt mode a« ‘Ua {vj = 195 - Dim] 
| -_ ~ 50 


ie ay Maximum statistical error of introducing range voltage: 
in "AN mode == no more than + 15 meters in a eee 
range of 1,002,000 motere: 
in "B" mode == no more than“ 100 meters in a distance 
range of 800-7,000 meters 7 
1 v) Search frequency Wo ] cycle + 0. 2 cycle 
3 a) Resolution — 200 meters | 
| “y e) Storage time -- 2-3 seconds 
i 298 gh) Triggering lag time of relay R723 ce 141.5 seconds 


; © . z) ‘Dimensions of unit ~= 300 x 152 x 196 
7 - i) Weight of unit -- he 7 ee :* 


: oe. OX 1-HUM 
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21.. Description of Unit Operation Based On Functional Diagram (figure 48) | 
a) Search Mode | | 
‘The negative triggering pulse, taken off of the winding of the pulse 


transformer of the modulator [unit RB6-2M), arrives in unit RB6-3, and 


eneonek disde 13 is fed to the plete of the multivibrator for Ruseeer ine 


a "Past saw" [13-13]. The multivibrator is triggered by this pulse 


and generates a positive square wave of at least 50 microseconds, 


| triggering the "fast saw" generator. The "fast saw" generator 


[13-14] generates & negative saw-toothed pulse which is sent to the 


"comparator circuit. The ad of the saw-toothed ae of the 


‘fast saw" has the repetition err vanes ee 800 cycles, the amplitude — 


changes from 195 to 35 volts. 


In addition to Ssaw-toothed pulses at the input of the comparison cir- {p 109] 


- cuit, a voltage arrives which is generated by the search circuit. This volt- ' 


age also changes according to the saw-toothed law, but approximately 50,000 


_ times slower than the voltage of the "fast saw" [frequency of 1 cycle]. 
This voltage is sometimes called "slow saw", and the circuit generating 
this voltage, the "slow saw" generator. The "slow saw" voltage varies in 


the range from 135 to 20 volts. 


_ As a result of comparing the "fast saw" and "slow saw" voltages, a 
negative pulse is generated on the plate of the comparator diode [13-15], 


the onset of which, as the "slow saw" voltage decays, lags more and more 


behind the triggering pulse of the transmitter. This pulse is amplified 


by L3-22a, differentiated, and again amplified by L3-lé6a. The pulse on 


the plate of L3-l6a triggers the range pulse blocking generator L3-16b. 
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The blocking generator generates a pulse with 0.7-microsecond 
duration and an amplitude of 100 volts called the range pulse. 


This, pulse is fed to the time discriminator circuit on the screen 


grid of the coincidence tube [L3-18] and through a 0.4 microsecond 
delay line to the screen grid of L3-18. The pulse taken from the delay 


line is sometimes called the " eweoua® range pulse. 


As is clear from figure 7, in the search mode, as the "slow saw" 


_ voltage diminishes, the range pulses are shifted in the direction . p 110 


of an increase in the range. Therefore, with the operation of. the 


"slow saw" generator, they pass periodically, once:a second, through 
the ae distance range. 
From the piate of the poor tne erannel [43-7], the noise voltage 
arrives at the output of the circuit for automatic gain control of noise. 
The circuit matncaihe a constant receiver noise level with a varia~- 
tion in external factors ( power supply voltages, tube aging, etc. t 
Po eliminate the influence on the operation of the AGC noise circuit of 


reflected signals, the circuit is modulated by a negative pulse of about 


29 microsecond duration, applied on the suppressor grid of L3-9. 


The windings of relays R3-1, R3-2, and R3-3 in the search mode 


are de-energized, the relays are in the released state. 


- »).-Tracking Mode 


. The pulses reflected from the target, preamplified in the 


-receiving-transmitting unit, arrive at the input of the intermediate 


frequency amplifier [L3-1--L3-5]. Amplified in the UPCh (IF amp. ) and 


detected by. the second detector [L3-6a], the target signal arrives at 
the input of the video amplifier [L3-7a]. After amplification through 
the satnode follower L3-7b, the target pulse is fed to the on of 


the time discriminator {[L3-18, L3- “171. aie 2300 s0% > | ~ 50X1-HUM 
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No coincidence circuit and the recharging diodes with the 
| capacitance integrator [sometimes called the diffference dete ctor] | 
make up phe time discriminator. In the search process, the range | Pp ll 
ere pee 6 through the entire range band, at a certain time 
‘coincide with the target pulse. Negative pulses appear on the © 
“plates of the coincidence tubes, feeding into recharging diodes ane 
Ceieter ouabte lock-on circuit. Relay R3-1, which is the primary | 
“actuator of the automatic lock-on circuit, operates and engages 
relays R3-2 and R3-3. 
: After operation of all relays, oe unit converts from the search | 
| wode to the coos mode. One of the relay contacts feeds a signal 
. of 27 volts to the sight and the "lock-on" signal uae in the 
sight goes on. | 
| . starting from this instant of time, the position of the range 
ane ta not controlled by the “slow saw" voltage, but by the. 
| voltage produced by the control unit circuit and depending on the | 
magnitude aaa sign of the error arriving at the input of the duplex 
“integrator from the time discriminator eircuit. | | 
: Relays R3-2 and R3-3 switch over the elements of the "slow saw" 
_generator circuit [L3- 231, and mie Ueetee Secones the second 


| integrator of the control unit. — 


-10l-— 
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The Voltage on the plate of the first integrator 13-26], 
which until lock-on is determined by the “wait™ voltage taken off 
- of the grid of 13-26 from the divider R3-36 and R3-133, arter 
relay operates will be determined by the magnitude and sign of 
‘the error ne ee Output of the time discriminator. 
Upon. lock-on on the target, the target pulse usually - p 112 
coincides with che second range pulse at first. Now, the ee 
discriminator circuit produces che negative error current [in the 


direction from the first integrator and to the time discriminator]. 
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aS L3-26 in this case cuts off and the voltage on its plate 


increases ‘ which results in the opentae of relay L3-23 and, sub- 


sequently, the reduction in plate voltage. This voltage - : : 


: controls - . + > the range pulses oer the cathode fcllower L3-22b. 
The reduction in this voltage ee about’ the shift of 


- range pulses toward a large’ range, thet is, the range culses co 


incide with the target ‘ varie the movement of the target, for 


exemple » on the approach: » greater... agreement takes place between — 


the target and the first range pulse. Moreover » the sign of the 


error current becomes positive, tube L3-26 opens , and tube L3-23 


- cuts: off. The veitace, on the plate of 13-23 rises, which causes 
Gas) vane pulses to move toward the same side and at the same rate : | 


@ as the target pulse. 


Range racine is effected in this manner. The properties 


of the control unit circeult with two integrators make is possible 


to track a target moving at constant velocity without dynamic 


error, while the voltage on the plate of the first integrator 


— (L3-26) is proportional to the velocity of the target. 


. The voltage controlling the movement of the range pulses and [SPW 123] 


tak en: off of ‘the cathode follower. L3-22b , during track cing is 


proportional to the distance to the target. This voltage goes 


through the cathode follower L3-2la ‘and is fed: a) in mode "A" 
to: the sight computer, b) in mode "B" to comparator wit K-8. 
Relay R3-3 trips within 1-1.5 seconds and the lag of the 


servo mechanism of the range unit increases, as a result of which © 


fluctuat ions in the reflected ‘pulse do not affect the range voltage ‘ 


| | ; | = 106 = ; 
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At the same > time, relay R3-3 transmits a puobhing signal to unit BBOr2 
which increases the lag of the servomechanisn of ie velocity unit. 
To maintain a constant target signal level, there is a device for 
automatic pulse gain control in the range unit. The pulse arrives 
i at ‘the circuit septs from the amplifier plate of the automatic lock-on 
| (13-29). 





This pulse is amplified, detected, and as a negative bias is fed 
. to ‘the: control grid of the UPCh tube through the cathod follower 13-10. 
| “It is essential that the poneeeves signal be maintained at a | 
a 7 | constant teen +0 provide accuracy in | determining the distance to the 
| target. 
g | 7 ‘The operation of the ARU noise circuit is identical in the search 


mode and in the tracking mode. 


4k tt ay AS 
eh ais BALI iis 


a | | e A detailed description of the operssion of the elements in the 


*. in 
Be et 
a a, Ho 

eer 


— _ARU eireuit is given in the section titled "Receiver" : | 

. on. Description of the Operation of sate Based On Bchenctie Diagram . 
(Figure 73) ee | | ae [p 16] 
- a) Trigger Multivibrator [Figure 19] a 


| For normal operation of the "Fast Saw" generator it is necessary that 


aes 


» ya 
is 


a ea 


SAG Secrets pr ee ae rete. 6 


‘the pulse have an amplitude o at ane 25 volts and a duration of 50 micro-- 


4 seconds. This pulse is manialia by the multivibrator, which is assembled 
4 | i: on the basis of a circuit with cathode coupling to tube L3-13 ( 63D]. 


In the initial state the right half of the tube is open, since 


e nese. is a zero. ). potential on the control grid and the 


7 a 4 - 50X1-HUM 
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: cathode , through 'R3-69 , is connected with a-150-volt source. ‘The 
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‘current: of the right half of the tube, flowing seasae the eathoas a | 
resistance [R3-69] » ereates a voltage drop across the exineds | 
| = closing the left half of the tube. ‘The initial voltage from the .— 
divider R3-126 and R3-127 is applied on the ee of the left half . 
: of the tube. The magnitude of this voltage is chosen so that 
: | “taking account of the dias ‘in the cathode the left half of the 
tube will be reliably closed in the initial state, and the milti- | 
- vibrator. will be triggered GepC nr ERY upon application of the i 
triggering pulse. The mleiibeatos! is triggered through the. 


cut-off diode | L3-22b » which is RECGeeeny for cli pping off the ce 7 





tive portion of the triggering pulse. 
With the presente of a positive blip in the triggering oe 
the saehe ybeakow baceume critical with peepect to the magnitude 
"ot the triggering pulse and ,consequently, undependable in opera- 
tion. | | | 
i The triggering was’ is fed. through the diode to the plate (SPN 117] 
(of the left half. of the tube and through the capacitor C3-k7 
7 to the control grid: of the right half, uhereey closing it. 
: oa The current in the right half is diminished, lowering the 
- voltage drop across ‘the: cathode resistance of the multivibrator, 
and the voltage on the plate Lode R3-68 is increased. 
a ie - * a The lowering of the cathode bias Sens the left half cf 
Oo 7 “the tube and results in a voltage drop on its plate. The voltage 
= is transmitted through C3-47 to the grid of the right half, | 7 


'. facilitating its blanking still more. As a result of the process 








_secemt = (108 = | #3 - 50X1-HUM, 


a 
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described, the multivibrator is opened "reversed", the left half 
of the tube is opened, and the right half is closed. 
popacites C3-47, which in the initial state was charged to. 
heey the full voltage of the power supply, begins to discharge 
' through the left half of the tube which is open. The capacitor 
discharges vapouee the following circuits: internal resistance 
of the left half of nest. R3-69, internal resistance of power 
supply, R3-70. In flowing through R3-70, the ee current 
creates a voltage drop across R3-70, which maintains the right 
half of the tube in the blanked state. | 
_ As the capacitor discharges, the discharge current gradually 
- decreases, leading to a reduction in the voltage blanking the 
right half of the tube, At , certain instant of time this vol- 
tage becomes, in bevna'ot absolute value, less than the tube (SPN 118] 
_ blanking voltage, and Ricans appears in the right half of the 
_ tube. The appearance of current leads to the reduction in voltage 
on te plate of the right half of the tube, and consequently 
<6 the blanking of the left half. In turn, the blanking of the 
Left half of the tube facilitates more effective opening of the 
right half, as a result of which the multivibrator creverses /! 
TO the initial state in which it was found. before the arrival 
of the triggering pulse. The time constant of the discharge 


= fg circuit C3-47 was chosen so that the blanking time of the right 





half of the tube is 60 micro seconds. 
As a result of this, a positive square pulse is separated 
on the plate Load of the right half of the tube with ‘the indicated 


- 109 - 
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length and an amplitude of 20-30 volts. 
This pulse is fed to the circuit of the "Quick Saw" generator. 
: Lo monitor the normal operation of the multivibrator, the cathode 
of L3-13 leads out to a control point designated as OO aaa | 
_ Located on the Pronk panel of the unit. 
| b) Fast Sawtosth Generator. [Pigure. 50] 
| “Usea as the "*fast Sav" generator in the unit is a linearly- 
dropping voltage generator with plate-grid capacitance. The - —_— 
saw" generator is made up of a tube L3-14 [6Zh2P] and has two 
Sperabiae modes: 

In the first mode, mode "A", the generator PERSE a negative — 
pulse with a ‘Linear leading edge of 25-microsecond ‘length; and in 
mode "B", of 60-microsecond ‘Length [figure 51]. 

The change in pulse tenes is effected by connecting additional Lorn 119 

- resistors to the circuit of the control grid of tube 13-14, which 
are located in unit K-6, R6-17, R6-18, R6-19. 

In mode A, they are shorted-out bee nes [contacts i-9]. 

In the initial state, the oe is blanked through the plate 
‘circuit because of the application on Cheeapeneeses grid of a 

: blanking voltage of -25 to ~30 volts. tie, geste grid circuit of | 
the tube is open so that the total plate supply volt age {+200 volts] 
is applied to the control grid through R3-72 and R3-73. The 

a | "potential of the control ee is equal. to approximately + volt. — 
| Capacitor C3-49 is eeeeas to nearly the Patan @oltuee 
- fixed by the ides of the “zero range" acer so that 
the voltage: drop across ie tanta section can be disregarded 


CnApEm ‘4 teat 
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With the transmission to the a grid or a positive. 





sais oe the triggering mtiebvatow. the tube is opened 
‘through the plate circuit and capacitor C3-h9 starts to Bie goet ee - 
in the Tollowing manner . | 
| a) In mode ' 'a" | internal resistance of L3-1L, inbeeaal 
7 resistance of power supply, R3-78, 83-79, and R6-11. 
b) In mode "B", internal sesietante of L3-11, internal 
resistance of power supply, R3-72, R3-73, R6-11, R6-17, R6-18, | 
_ and R6-19. In the first instant the voltage or. the plate of {SPN 120] 
“L3-14 starts to drop sharply. This reduction in voltage is ease 
mitted through C3-49 to the control grid of the tube, increasing 
_ its internal resistance and lowering, consequently the discharge 
_.eurrent of the capacitor, Since in the initial stage the voltage. - 
sa wae control grid is seuad to. approximately to eh. volts and the 
| tube is completely closed at & volts, the initial neestrye vol~ 
tage jump on the plate and on the > grid of L3-14 is approximately 
| hes volts. | 
After the initial jump the sess discharge of capacitor 
| C3-h9 begins. The discharge current flows through the aischarge’ 
resistors indicated above ana creates a, voltage drop across then, 
_ controlling the internal resistance of the tube. It is permissable | 
in the process of eH Chenee that the discharge current start to 
_ diminish. a is evident, moreover, that the voltage drop across: 
. the acuaeoe: resistors diminishes and the tube L3-14 opens. 


‘The opening of the tube lowers the resistance in the discharge 
oe oh : | 


_~ 111i _ 
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circuit and consequently increases the discharge current, returning it 


to the initial value. ; An increase in discharge currents cause blank- 


ing of the tube which also results in the establishment of the 


initial current value. Because of the presence of such control over 


the internal resistance of the tube, the discharge process, while the 


discharge of the capacitor at constant rate results, as is known, in 


| a linear reduction in voltage on its pletes. 


Actually, the voltage on the capacitor plates during discharge can Cp 123] 
. ‘ rs Cc 2 Z 
Oe te ak a: . 
. be expressed by the relationship: Ue= x Cc : U[t}eLE _ (1) 


Sine to obtain a proportional relationship between the range | 


voltage and the distance to the target it is essential to have a 


linear reduction in voltage, it is evident that the second term of 


7 the right side of the equality must be a linear function of time, 


a . i Co Bes AP 
‘that is: - So L(t)dt = KU 


‘Solving this equation, we obtain: i(é) = constant that it is the 
necessary linear drop in voltage will be obtained during the discharge 


of the capacitor at constant current. During the discharge of C3-49 


the voltage on the plate of the tube is reducéd approximately to 
| 20=25 volts, so that with an additional reduction in plate voltage 


the tube ceases .to. control the discharge current. The length of the 


saw-toothed pulse on the plate of L3-14 for the values of the circuit 


- element used by us is 25 microseconds in mode "A" and 60 microseconds | 


in mode "B". 


onde 
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‘Upon termination of the positive pulse on the protective grid, 


_ the tube eegin closes through the plate circuit. Capacitor C3-h9 


discharges ‘through R3-74 and the grid-cathode section of L314, and the 


entire circuit returns to the ata state. The initial voltage on the 

| plate of L3-14 is regulated with the “zero-range" potentiometer R6-15 : 
located in the unit K-6. The steepness of the saw-toothed pulse is a [p22 
vemos ae changing the time constant of the discharge circuit C3-49. | 


Added to resistors R3-72 and R3-73 are the following: 


a) In mode "A", a variable resistor R6-11 ["seale of range A"] 


'b) In mode "B", resistors R6-18 and R6-19, and potentiometer 


| .R6-17 [scale of range "B'], which are housed for convenience of 


| _. regulation in unit K-6 also. 


- — voltage on the plate « can be expressed by the relationship: 


: us <E, += - = = (4) “where Eg is the ENG renee on the plate of L3-14 before 


g is the voltage supplied across the 


__ resistor in the control grid circuit C 200 volts], t is time, R is the 
‘discharge eeeaeiahce, C is 3-49, it is seas that regulation of the 


“zero range", effected by a change in E, sees not have any effect on 


the steepness of the pulses, which is regulated by the change in the 


-value of the discharge resistor ["range scale"], and in turn does not 


effect the “zero range”. 
‘Thus is provided independent regulation: of "zero" and "scale". [p 125. 
which is nvemners. convenient for operation [figure 51). 


_ Resistor R3-76 in the screen grid circuit is designed to © 


. limit the current on the second screen grid during periods of 


4 96%  80X1-HUM 
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_ inactivity, that is when the tube is blanked through the plate 
| sree. 2 | | = 
As, evident from formula (2), the elements which seveuaiie 
: the steepness of the “saw" in meas a are C3-9 ; R3-T2, 
33-73,¢ and R6-11, and in mode "BY, R3-72, R3-73, R6-17, R RS-18,, 
6-19, >» and R6-11. fo maintain a , constant steepness with changes 
he surromding temperature these elements are thermally com- 
- | pensated: R3-73 and R3-72 are . made from manganin which has a 
Low ROStUIVE temperature coefficient, while for C3-L9 tvge . | 
KTK- 3g" with a small negative temperature coefficient was selected. 
| As a result, the anne RC, which has an affect on the steep- | 
| ness, remains constant with a change in temperature » which is 
_ seuent tail for providing a minimal number of errors in mode "A". 
a _ Diode e 15-250 is designed to ee the Length of the flyback 
te of the “saw. "and to reduce the influence of leakage which is | 
: harmful under conditions of interaction of hunidity on the 
4 - 5 ; accuracy of computing the range. Because of the Aiode » the 
steepness of the flyback “saw voltage, as can be seen in 
_ figure 92% increases due 6O the increase in voltag ge Ha, which 
, leads to a reduction in flyback time. 

The seeeek of leakage. can be represented by an equivalent [SPN 126] 
| resistor Ry connected between ‘the plate of L3-1h and the frame. 
in the absence of a , diode » the esis results in a change - in 

| voltage on ‘the plate by 2 quantity: aye where Ra is the plate 
ee load of L3-14, Ry is the equivalent leakage resistance. 
| 7 “This may cause an inadmissable error with séxcet to range. 
‘a nb. 
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CoC |The presence of a diode results in a reduction of this. error to a. 
value which ,can be disregarded even for substantial leakage. | 

v) The Slow Sawtooth Generator [Figure 53] 

The "slow saw” generator [search circuit] is designed to 
"generate in the target search mode a slowly decaying saw-toothed voltage 
“with a frequency of about 1 eps. The function of the "slow saw" 

7 generator is performed by the tube L3-23 [6NeP] and L3-22b ( én3el, 
which in the search mode a as'a transitron generator of eelaaue ten 
oscillations [in the tracking mode these tubes function as the second 

integrator]. | 

For convenience of examination, we assume initially thet the | 

blanked state of the tube L3-23 in the plate circuit. Moreover, 

“ there is @ voltage on the plate which is determined by the divider 
R3-124, R3-125. Since the control grid is connected to ground 
iivouah R3~104, the tube opens and the plate voltage begins to : - ‘Lp 128] 

- “decrease. This reduction in voltage is transmitted to the control | - 
asta through the cathode follower L3-22b and capacitors 03-59, 

C3-71 and, by fuenedaiing the negative bias, it prevents a rapid drop 
in eaitene on the plate. The prockss cocurrine in the circuit is 

- guite similar to the operation of the "fast saw" circuit, only 
in this case the discharge of the capacitors [C3-59, C3-711] Sees 
‘through the equivalent resistance Bee output of the cathode 
follower eireuit. 

OO 7 Thus, in the process of discharge of C3- “593 C3-71 a small 

. negative voltage is maintained on fie eoneean grid. When the plate 
voltage reaches a value of 20-25 volts, as in the "fast 
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| 


saw circuit, the tube L3-23 ceases to control the discharge and 
| _the drop in voltage on the plate is retarded. Consequently, the 
negatiye bias on the control grid of L3-23 is meuaea: The re- 
duction in voltage on the control grid causes an increase in the 
current on the screen grid. The screen grid current, flowing. 
| through resistor R3-107, increases the voltage drop across this 
resistor and the screen grid potential adrops. 
; The reduction in potential is transmitted through C3-73 to 


the. suppressor ~ grid of L3-23 and reduces the plate current of the 


he 


tube. The reduction in plate current causes a rise in potential 
| on the plate, and because of the ~ coupling through L3-22b , 
ao C3-59 > C3-71, an increase in potential on the control grid. 


this causes an additional increase in screen grid current and 


the complete blanking of the tube through the suppressor grid. 
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The plate voltage rises rapidly end the process begins again. eosneee 
tion of capacitors 03-59 and 63-71 directly between the plate and 
grid of L3-23 and through the cathode follower made it possible to 
lower the charging time significantly. If in the “quick saw" circuit 
this time is considerably greater than the discharge time, then 
in the aed case the sitestion is reversed. The capacitors are 
Charged through the saad internal resistance of L3-2eb and the plate . 
wolteue of 13-29 increases, in practice, gradually. 
| This is essential to provide quick fly-back of range pulses after 
which, in the search process, they achieve a maximum Sones. The 
quick fly~-back guarantees locking on the target only with the 
movement of‘ the range pulses in the direction of lengthening, that 
is locking on a close target. The presence of the divider in the 
plate circuit of L323 is specified by the necessity for limiting the 
start of the search for the preliminary locking on a main leakage pulse. 
The filter C3-74, R3-106 facilitates stabler operetion of the “slow 
saw" generator. | 
| The sete base frequency is determined by the values of C3-59, C3-71, 
and R3-104 and is equal to one cycle. This corresponds to a search rate 
of approximately 10,000 kilometers per hour. | 
g) Comparator Circuit [Figure 54] | 
The comparator circuit dtermines the instant of equality of the val- 
_ues of the "fast saw".and "slow saw" voltages, and as a result, provides 


~ for the delay-triggering of the range pulse generator. The delay time is 
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cevermined wath respect 0 the main pulse. The circuit consists of D:32. 
2 comparator diode, a compensation diode, and a two-storage pulse 
generator. Used as the comparator diode is the left half of L3-15 
[Fig. 55]. 
oe "fast saw" voltage is applied to the cathode while the "slow 
| saw" voltage [in the search model] or the wenger y voltage [in re 
tracking mode] is sonic tO the er through the R3-77+ 
Since ae voltage on the cachode i: sreater than on the plate, 
nee tube closes and there is =s iia a at the output. However, as 
soon as the "fast saw" voltage becomes less than the "slow saw" Gant see 
taken from the output of the duplex enesueetor. the diode opens a a 
negative pulse appears on its plate. | 
The start of this pulse, which is det eviinsd by the equality of 
the "saws", shifts in the direction of a larger delay with respect to 
the main pulse as the "fast sau" voltage reduces « From the plate of 
the: comparator aioe; the pulse is fed through 03-51 to the erid of 
| -13-22a, the pulse amplifier. A poeRtive pulse with an amplitude = 
‘more than 100 volis is generated on Gi plate of L3-22a [6N3P]. 
Because of amplification, the steepness of the leading edge of this _ 
pulse is considerably greater than on the eH, and the pulse is 
almost square. From the plate of L3-22a, the pines goes to the 
control grid of is second - eg amplifier L3-l6a (6N3P], through 
the different lating ce C3-53 and R3- =19 5 which is essential for - 


reducing the Length. The Beco atees increases the eer eeeaeds of the 





leading edge of of the pulse even more. This pulse, taken from the 2 133 
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plate of. L3- -l6a, goes to the control grid of L3-16b through a | p 133 
( a | “pulse transformer Tr3-7 and triggers the range pulse blocking generator. 


Because pf the large steepness of the leading edge of the triggering 
pulse, the instant of triggering of the blocking enerator does not 
depend heavily on the fluctuation of the feeding voltages, changes 
in tube eer scterteyacsy etc. This facilitates a reduction in errors 
“=n determining the range. 
Since the pentane of opening of the comparator diode fuedeunee. 
Bheae anesuies delay, for precise operation of the entire unit, ce 
ee essen tad that it, as far as geste: also will not depend on 
| the supply voltages, tube characteristics, etc. The volt-ampers <_ 
characteristic of the diode is shown in Pig 55. It is known that 
aimed he terres of changes in the filament voltage and the diode 
aging, this characteristic “drifts”, that is, it is shifted [for 
Cerne to the position shown in tne figure by the dotted line]. 
“Moreover, as can be seen from the construction, an error occurs in 
the instant of comparison A nee Tnis error enters directly into’ 
the over-all error of measuring the range. To reduce the influence 
of external pastors on the instant of comparison a compensating 
 G@iode is employed. For small negative voltages between the plate 
_ and the cathode a sere eopeats between them. Therefore, even 
with the comparator diode Sisued, Gaeve Will be a voltage drop across 
i ; _ resistor RS=1T determined by the current of the compensating diode. 


This voltage is directed toward the 


- 125 = 
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"slow sav" and the instant of opening of the comparator diode p 135-6 
C) : | occurs somewhat later [t', “rather than t1]. Now for the shift 
in the one Cherecter te ac the instant of comparison shifts 
tos a be es and the difference in time between t, and t 2, designated 


tas use of the 


A vy, is sonsteeveuly less onan: WLS +! o: Thus, 


compensating diode stabilizes the instant of comparisoz. In view of 
the large gain of the comparator circuit, even small influence of the 


ox the blocking generator 


GQ 


. triggering pulse can result 1 Une CLI seeri ng 
: ae the point of zero range. In order to avoid this, a small negative 
. pulse is applied through C3~-77 to the grid of L3-l6a blanking the tube. 
at. ‘the initial instant of time. This pulse is speabaed via the 
differentiating circuit C3-77, R3- 79 of the triggering pulse. 
8) Range pulse generator [Fig 56] 
The range pulse generator is an ordinary blocking generavor 
a of the right half of L3-16 [6N3P]. 
ee In the initial state, the tube is blanked by a voltage of -14 volts ° 
. taken from the common divider of the unit and fed through R3-81 to 
the control grid. ‘Bethe instant of arrival’ of the triggering egies: 
one tube opens and a current appears in the plate cirevit. The 
appearance of the current results in a lowering of voltage on the 


plate of the tube. The windings of the pulse transformer are 





| | p 137 
connected so that a reduction in potential on the plate results 
in an increase in potential on the control grid. The existence 
; tg 4 OS | - 
of such a circuit with positive feedback means that the plate. 
; - 126 - 
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current increases Still more, the grid voltage rises additionally, 
-ete., to an instant when the tube current reaches Saturation. This” 
“process of "reversing" the tube occurs very rapidly and is called | 
the "blocking" process. The time for complete opening of the tube 
is usually about 0.1 microsecond. As a result of the termination of 
the direct blocking process the plate voltage drops to almost zero due 
to the voltage arop across the primary wi inding of the pulse transformer, 
- While the grid voltage rises strongly and becomes positive because of 
the induced emf. | 
| From. the instant of time when the voltage on the grid becomes 
positive, a screen grid current starts to flow and capacitor C3-55__ 
begins to charge. 
At the end of the direct blocking process, the operating point 
-on the tube characteristics shifts to the region of shallow steepness, 
| that is, ‘the change in voltage on the screen grid has almost no effect 
on “the value of the eilaeectenend. As C3-55 charges the ae on 
the control grid of the tube begins to diminish. However, since the 
operating point is located on the right portion of the characteristic, 
7 the plate current remains dears anchanwes for a certain time. “The 
‘flat portion of the pulse. is formed during this time. With time, 
the voltage On the control grid shifts the operating point of the 
characteristic to the region of great steepness. | | p 139 
The plate current is diminished more effectively, which results in 


a rise in the plate potential and, consequently, a reduction of voltage 


- 127 - 
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ear, 


4 7 


on ‘he control grid. The latter reduces the plate current still more 
and the inverse blocking process takes place. 
| The tube is blanked and the ciel iia ceieidattaoes C3-55 attains a 
large negative value. After completion of the blocking process, this 
| capacitor discharges through R3-81 and the circuit returns to the initial 
state. 
“The positive range pulse with an amplitude on the order of 100 
| volts and @ duration of 0.7 microsecond is taken from the winding of 
the pulse transformer, fed to the sereen grid of the tube “L3-18 and 
through a 0.4 microsecond delay line to the screen grid of L3-17. 
| Capacitor C3-52 and resistor R3-78, connected to the plate circuit 
of the blocking generator, make up the decoupling filter which reduces the 
' influence of the generator on the remaining elements of the circuit of - 
- the unit through the power supply circuit. 
Je) Time discriminator. (Pig 57) 
‘The time discriminator circuit consists of . coincidence circuit, 
with 6Zh5P tubes (13-17, L3-18], and a difference detector eirouit 
[recharging diode] with integrating capacitance consisting of 6D 6A 


tubes (13-21, 13-28). oy 
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The function of the time discriminator is to fix the instant of P,0 
coincidence of the target pulse with the range pulses and to generate 
a signal indicating the presence of a shift with respect to time 
“between ‘the pulses mentioned. The circuit generetes this signal as a 
direct current, which is called the error current, of varying magnitude 
and sign depending upon the magnitude and direction of the mismatch | 
between une range and target pulses. 

In the absence of target pulses, the. coincidence tubes 13- 17 eae 
‘13-18 2 are Biianked through the plate circuit by the presence on the 
control ads of a voltage of about -3 volts and on the screen grids | 

“of a voltage of -23 volts. | 
“Beetass, the range pulses arive on the screen grids of the tube. . 
| pie Gutee ose directly es the sereen grid of L3-18, and through a 
0.4 microsecond delay line to the screen erid of L3-17. These pulses 
shift periodically with time seeking out the target. If a eee | 
a from the target occurs on the control grids, then the pulses. 
on the screen grids which are moving with ed mee to the range, coincide 
with them at a. certain instant with respect to time. The tubés open 
and negative pulses appear on she plates. These pulses go to the 
difference detector circuit [L3-27, L3-28], and depending upon the 
relationship of their amplitudes, they are converted to an error 
current for the given direction. Taken from the resistor R385 and R3-8, 
comected between the plates of 13-17 and 13-18, is adieeetive wales 
which is fed through capacitor C3-57 to the control grid of the auto- 


matic lock-on amplifier, | 


S130 
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Thus, the sign of the error current is changed depending on the 
agpeeti on of dvesiaconent of the range pulses relative to the 
target pulse. The dependence of Hie welds of the error current — 
. on Gdisplacement is represented in Fig. 61. | 
The error current lies on the ordinate, ata the displacement 
of the range pulses relative to the target in time, on the abcissa. 
The left branch of the characteristic corresponds to a lead of 
range pulses over the target pulse. The right branch corresponds 7 


to the delay of the range pulses. 


th) Control Unit — 





tt 


LP 
(Double Integrat tor) 
: The purpose of the control unit (Fig. 62) is transformation 
! f the error current, which ‘teas from the output of the vine 
| discriminator, to a ots wigich abaeecie the range pulse delay. 
The circuit consists of two tnbeerstersestubes L3=26 (6Z2b15) 
13-23 (6Zh2P), and L3-22b (6N3P). a 
In mode "A," the range voltage is applied through extheae 
follower L3-2l2 (6N3P) to a sight, aed in mode "B," to K-8._ 
| The circuit diagram of the enode=grid integrator is snow an 
Figs 63. | 
Analysis of such a circuit shows that the sepuadersse? 
the voltage ag the anode on the current in the grid circuit 
can be approximated in the form: 
| - - -_ ae, a 13 / 
Yar Uap) eee Of 
a: t Pee oe: , 50X1-HUM 
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_ Resistors R3-82 and capacitor 03-56 form 2 decoupling network P the 
with prouscys the plates of the coincidence tubes from the influence _ 
_ of power network, The coincidence tubes serve as the input of the 
automatic Yock-on amplifier, 
Let us assume that. after losk-on the mutual position ov whe 
‘target pulse. and the range pulses is as shown on fig, 58, 
In this manner both coincidence tubes open, but because there 
‘is greater coincidence of the target with the Second range puree ye ene 
pulse in the plate of 13-17 has a greater amplitude and duration than 
the pulse in the. anode of 13-18, 
: saan, let us agree to sears input of the double 
inte grating circuit as a certain equivalent capacitance C,, In 
considering the operation of this element of the range unit, let us 
—— ourselves as to the aceussee Be such an assumption, 
| Capacitors C3-58 and C3-62, which are tharged until coinci~ 
dence 4 to a value approximately that of the vinneeee of the power 
©. gouree, begin to discharge, Capacitor C3=58 discharges through the 
- chreuit: the internal resistance of 13-17, C,, the intermcai resis-_ 


_. tance” of 13-28, Up to coincidence, diode 13-28 


- 22 - 
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_ Was closed by a voltage of <- Tv sopided to the tube eatwoas: 
At coincidence, the diode opens, since a negative puise + with 
an ‘amplitude up to 50v is applied to the eathode and thus the 
od 03-58 discharge circuit is created. 
‘The anand current of C3-58 flows through a capacitance | (P1435 ] 
_.Gi, and it is seen by the direction of the current shat the 
voltage at Ci must be decreased thereby, capacitance Ci discharves 
7 (the direction of the current is showr by the unbroken arvotr). 
| Capacitor C3-62 discharges along the circuit: internal 
‘yesistance of L3<18 . resistance of negative voltage divider, 
internal resistance of 13-27. Diode 13-27 also was closed 
a by-a voltage of oly and is opened by the scinciaenss pulse. 
: The discharge current of C3-62 does not flow through Si 
an evidently does not affect the potential at this point. 
_ During the time between pulses, capacitors C3-56 and C3-62 
are charged. The oe of capacitor 03-58 passes through 
R3=-82 ; R3-83 » R3-118, 23-129, The charging current of .. C352 
passes through the integrator capacitance in the direction 
shown on the figure By the dotted line. 
It is evident that the potential at Cs Will increase under 
the action of this current. 
In the (ae we — considered, the discharge of capacitor 


C3-58 has a greater effect than the charge of 03-62, since there 
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is greater coincidence with the second range pulse. Thus, 


voltage at the capacitor will \.. decreased Yeu. pol... to pulse, 
the total current will be directed from Ci to a difie. ce 


_ detector. 


This current is also called the error current. This 


(P 148] 


direction of current is callec negative. The appearcuce of 


Cs 


te current acts through the control unis (double integrator, 


on the range pulses, and they are displaced in the direction of 


greater range. Thus, a mutual position of the range pulses 


~ and the target pulse as shown in Fig. 58 and Pig. 59 is possible. 


In the given case, greater coincidence occurs in L3-18, 


© and the effect of capacitor C3-62 is increased. Discharging 


eS intensely at the monent of coincidence, capacitor C362 is 


= charged bya sievene the value of which now exceeds the discharge 


 eurrent of 63-58, end the direction of the recharge current of 


( # 


of the integrator capacitance is changed. 
Now the current is directed from the difference detector 


to the integrator Capacitance, and the potential of the integrator 


- capacitance increases. Let us call such a direction of the 


error current positive. 
If the axes of symmetry of the range pulses coincide with 


the midline of the target (Fig. 60), the effect of C3-58 and 


— is equalized, and inc potential atC i remains unchanged . 


, it is evident that in this case the error current will be zero. . 
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if we consider the circuit of the fast sawtooth generator aan ae 
a special. type of integrator (Fig. 61), it is evident that the voltage 
Ug is supplied to the dnpat of differentiating circuit RC, at the output 
of which there is a voltage which drops at resistance R, l-e., Ug ~ Bae 


For such a circuit the following relationship holds true: 


yy | 
; Uvykh(out) = 7 ~ae - Re 


In our case: =e 


-_ ite“ US. x 
Ud(range) ~ #4 = ——= RC 
. u& : 





aU, soe i 
Ge RC 3 cE 


_ Ug -Bq 





ntegrating both parts of this equation, we obtain: 


an 
v 


Ue, «Cg - i. ¢ iat 
ef te. 
| ° 


l.ee., the equation of the integrator. 


In the case Eq = Const, and disregarding Ug» we have: 


We ace +f iat = _Bat_ 
oO 


RC 
where is 0; Ue = Co, consequently, 
| | Bat } 
Us = Uso <i i. €., we obtain the 


| equation for the fast sawtooth peheveton,,’ 
The integrator equation makes it possible to determine all the 
properties of the circuit. | 
For further description, let us eee | 
cs I" O-dt = Const; 2. f ardt = ats 3. freteas = 2 ma [P 
‘ | } | ne fei 
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| - 21),2- 
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It is seen from these general mathematical expressions that - 
when the current in the grid circuit equals 0, the voltage at 
the tube anode does not change since both sides of tke equation (3) 
are eenetanes: In the presence of a constant currens in the 
een the voltage at the anode drops linearly where’ i‘is. 
positive, or increases linearly where “iis negative. 
It is peasy. ue derive a physical explanation of the processes _ 
in the integrator execute considering the charge and atecnatee - | 
of the equivelent integbator capacitance Si (Figs 65). 
A positive current (in our case "error current" ) chapees. 
the integrator capacitance, the voltage across it increases, 
a the tube opens. 
The appearance of.an anode current leads to a decrease in 
anode voltage. A negative current discharges Ci, the potential | ' 
at the control grid decreases, the tube is blocked, end the 
anode voltage increases. | 
The validity of replacing the resistance of the integrator 
input by the equivalent capacitance Oi ie evident from the following: 
Ee we consider the circuit om 65, we see that: 
 UesUacke, fide 
“where : k is the Hoa Na. J factor of the tube. a +g | | 
‘tesa, the circuit depicted is equivalent to the 


integrator circuit wherein: 


|. K 


wn . “ wz + 
e 


a a: i 


iia 
Cy 
CS 
€ 
OM 
Ts 
OS 


NH 


q | 
a - . | 

4 Ube 
De 


“ yy : ” ‘ : ‘, . 7 ee : aa seu : 
x RY : . Fi ~ ' wo z ep gtk eres vag tes eat se hg - 
: 5 A Ss Ra ys oe cape he ae 7° So 4S : 7 4 te a tet sf ey eee: =, . a 
eine tig. Begihe a) Bos Cee eo pe te eg Si Jo” hey teen's Tk ee fee Et fuk be smd i ha 1 ee he Cae + 
hi elt we a nie 7 Z 
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Eqllowing the above-stated considerations, which pertain eo 
integrators in gener2l, let us examine the operation of the 
actual. circuit of the double integrator used in the unit. 

The circuit consists of tye “anodesecid integrators connected 

by stabilizing circuit RC. | 
Let us assume that in Locking on the target, the mutual 
position of the range pulses and the target pulse is that 
depicted in Figo 58, Le Coy the range pulses lead the target 
pulse. | 
| As was explained during examination of the operation of 
the time discriminator; a negative error current flows to the 
integrator input in this case. The presence of a negative current 
leads to blocking of tube 13+26 of the first integrator, and the 
potential in its anode increases. The veleape at divider 
R3-LU, F R3-115 increases correspondingly. 
The voltage from the common point of these resistances 
through R3-116 end BB - -10h is applied to control grid L3-26, 
which is the second integrator. in ings case the curruat 
| will be positive. | 
22 = The appearance of a positive current in the erid circuit [P 156] 
of the second integrator leads to opening of L3-23 and to a | 
decrease in the voltage at its anode. The error current which | 
flows to the input of the first integrator during a brief period | 


‘can be considered constant. 
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Then the voltage at the anode of the first integrator 
: : 


will increase linearly (since /adt > @&t ). The current 
| C | | 
in the grid circuit of the second integrator, proportional to 


the voltage at the 13-26 anode, also will increase linearly. 


The voltage at the L3-23 anode will decrease at an ever increasing 


Ce sas a 
at atdt= on 
This asians through cathecde follower L3-22b flews | to the 
Seipavites cirewit (L3-15) and makes the range pulses shift 
* toward the receding side, also at an ever increasing rate. 


The range pulses, shifting in this direction, go through the 


Matching positions and begin to lag the target pulse in time. 


AS we see in Fig. 61, the error current changes its sign and 


becomes positive. 
This leads to opening of the first integrator and a voltage 
decrease at divider R3-1l, R3-115; and inasmuch as R3-115 is 


connected to the point of the divider with a potential of -30 v, 


the voltage at R3-116 acquires a negative value. 


The current in the second integrator circuit changes its | | . [P 159] 


sign, and the voltage at its anode begins to increase. 

The. increase of this voltage leads to shifting of the 
range pulses in the direction of decreased ranges hs Cos 
again toward matching with | the target pulse, 


After several such oscillations, the system reaches a 


wll -- 


“yee 90X1-HUM 
i i itr, 
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eres of equilibrium in which the range pulses match the target — 


NE EES, ES. TE ay ie A Ne Le Mc t BERD on Se ee ed 


oo pulse. In the event that the target moves at a constant 
rate, the voltage at the anode of the second integrator changes - 
_ linearly. This will transpire, evidently, when there is a. 
‘constant current in the grid circuit of this integrator (fade at); 
and signifies a constant voltage in the anode of th e first integrator 
| (Fige 63)o_ 
Changes in the rate of movement of the target eulse Gust 
correspond to changes of current in the grid circuit of 13-23, 
and consequently, the voltage in the anode of the first 
integrator. Thus, the voltage in the anode of the first 
integrator is proportional to the approach speed. This conclusion 
can be drawn mathematically. - 


It is seen from the circuit that the voltage at theanode 


Eda es + LR 


where: ee is the voltage at the anode of L3-26 when i= 0. 


of 13-26 will be: 


i= the current in the circuit connecting the output — 
of integrator t and the input of integrator IT. 
R3-11) + R3-115 : : 
ieee R3-10!:) pie | ‘LP 160] 
| Since expression (3) is correct for integrator tI, and 
O | the voltage in its anode is porportional to the range to the © 
target, then, having differentiated, we obtain: 
of if : C | | > ¢€ , oe 
Us ua L- & GUL 1s = hy, ‘, {= C “de | 


At fF. 4 ae 
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: OC oo a7 a a | | 
i Sy ates: ce C3~=59 + C3-75 ) 
- eonsequnneias AU 7 A 
| / Use et £ RC 
| ‘ Uy | 


“=e 
proportional to the approach speed. 





| where: is the rate of change in the range voltage, 
: “With the parameters used in the circuit,’ me voltage at 
the anode of L3-26 upon eee a Svtonaisy target is — 
approximately + 80v. Finiteness of the amplification factor 
of 13-23 leads to the fact that this voltage, depends in addition | 
- on the range from the targeb, although to a negligible CXLENt o 
In tracking an apporaching target, this voltage has @ smaller — 
| values. At an approach speed of 300 m/sec, it reaches + 60. v. 
But. if the voltage at the anode of bap aen sige lL is constant | (p 161] 


at a constant approach speed, this means that the error current 


in this case is zero, since f- 
| | oO OW Ce AS } 


ar =O 


The foregoing case demonstrates that a control unit with 





i | two integrators ‘provides for tracking a uniformly moving target 

without dynamic error, since the error current is zero only 

when there is precise coincidence of the range pulses and the 

target pulse. Besides,this, as a result of the zero error current, 
| | the circuit is capable of tracking 7 fading es 
| } When the target fades out, the coincidence tubes close and 

| no current Yflcws from the : output of the time iiserainacor 
to the input of the control unit. Thus the same voltage remains 
| | - 150 ~ 
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at the gnode of the first integrator as during tracking of the 


target. Sauce this voltage corresponds to the speed of the target — 


until it fades out, tracking will continue et the same speed in 


the absence of a target. Upon the eer nee of the tar eet ; it is 


. again visible in the zone of range re and normal operation is. 
continued. Owing. to the presence of leak resistance between the 


grid and the cathode of L3-26, upon disappearance of the © 


error current the voltage at th 1e anode usually alters slowly in 


| one direction or another, which leads to errore in tracking a 


fading target. To diminish these changes, the capacitance of ~ £P 162] 


” the first integrator is switched, and within 1 ~ 5 seconds 


after locking, becomes equal to ~ 10,000 pf. At the moment of 


locking, it is necessary to have a small time constant of the 
first integrator. Therefore, up to and at the moment of locking, 
the anode grid capacitor with a capacitance of 0.01 swf is 
turned one | | | 
A time lag (2 1 sec) is necessary pot seasdeeneccasaci toss 
C3-75 5 C3-86. During this time, they succeed in discharging 
to the voltage which corresponds to the speed of the locked targete 
The high value of ihe tepacitenne of the first integrator 
facilitates a decrease in the effect of target fluctuations 
on range voltage e e result of smoothing introduced by ite 
To decrease the effect of leakage on the operation of the 


circuit, tubes pereos £3+27, and. L3-28 are peices in a baeeetiess 
@Wi5l « 
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sealed area; and are a separate, complete unit ("integrator I"). 


For more favorable conditions of locking, the voltage 


at ae anode of the first integrator in the scanning mode is 


correspondingly set to the most probable a speed (texpected 


voltage"). This setting is made by applying: a eoneeenoraae 
| voltage to the anode of the first integrator | from divider R3=36 
and R3-133. 


To improve the pperation of the double integrator in the 


mode of a fading target, it is necessary to select at the screen 


grid of the tube of the first integrator such a voltage that 


when no target is present the voltage at the anode of the first | 
integrator will be practically unchanged. The setting of the | [p 163] 


required voltage at the screen grid is done with the eid.of 


potentiometer R3-113, 


Capacitor C3=76 is intended to speed up precise matching of 
the range pulses with the target. Together with R3-Li6 and R3-10h, 
this capacitor forms a soscaied "stabilizing netnoxk, which 
prevents the occurrence of a self-oscillating System, le Ge, 


"oscillation" of ee pales: around the target. : 


» , ,The range voltage is applied from the oubpub of L3-22b to 


the erid of cathode follower L3=@2lac 
Upon Locking, a voltage proportional to the range to the 


target is applied from L3-2la to the external circuits. 
2) Automatic Locking Device (Fige 67) 


S1Se- CC | 
Saisie, : : 50X1-HUM 
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relay is shown in Fig. 68. 
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The circuit of the automatic locking device is intended for 


nunc e the unit from the scanning mode to the locking mode. - 
The circuit consists of amplifier L3-19b, peek detector 13-19, 


and siecenouie relay L3=-20b. 


Electromagnetic relay R3-1, type FOG, in 1 the anode of. L3=20, 
turns on relay R3-2, in the anode of L3-8a, and relay R3-3, in 


the anode of L3-8b.. The operating time of relay R3=2 and relay 


R3-3 depends on the bias at the grids of L3=Ga and L3=8b, which 


is controlled by "delay" potentiometer R3-60. 


. The circuit of the contact groups of the automatic locking 
| | 
In the scanning odes, the entire relay is in a released state. - | 
Tube L3=20 is blocked by a. negative voltage, gppla ed to the | ; (Ps) 
control ‘grid by thé "Sensitivity" potentioneter from unit 6 | 
through” resistance R3-92,:R3-ie | 
| Upon the appearance of a target ange and coincident range 


pulses, a negative pune? with an amplitude of around 25v 


passes to the erid of 3-1). A positive expanded pulse, the 
amplitude of which reaches 80+ + L00v ’ appears at the anode of 

the tube. This pulse is applied to the grid of L3-19a and | 

charges sepacitencencatln. This capacitor discharges through | 


- R3-92, as well as through R3-9l; and R3-95, which are in 


parallel with it. All these resistances have a large values as 
a result of which the time constant of the discharge is_ 
incommensurably greater than the time constant of the charge. 


- 15h = 
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C : 
| This leads to the fact that in the interval between pulses, 
C3-6, does not succeed in discharging, and the voltage in it 
increases. | 
The increase in voltage at the cathode of L3-29a seeteebes 
the bias at the control grid of 13-20b, the tube opens, and the 
: relay triggers. Triggering of R3-1 causes triggering of the | 
- rest of the relays in the unit: R3-2 and R3-3. In the event 
7 that the target pulse fades out, relay R3-1 Poreeeens and 
capacitors: C3-67 (2 uf) and 03-83 (l wf), located in the 
| erin cipeut oh Teche, begin to charge slowly, from a =150v 
source, through resistances 23-140 and R3~60. a 
ie | : Therefore, when the target pulse fades out, the vOuVaEe : (p 167] 
| at the grid of L3-~8a decays slowly, and the relay releases ohly % 
after approximately 11.5 sec. 
| “Herein is achieved the possibility of tracking a fading 
target "by memory" (memory based on speed). Upon triggering of . 
relay R3-3 ‘121.5 secy after locking, capacitors C3-75 and 
(C386 with a total capacitance of O.1pif, the other end of nach 
is connected to the anode of integrator I, are connected to the 
eed of the first integrator through 03-85, 
As a result of this, after connectins the "protection" relay, 


the anode-grid capacitance of integrator I increases to 0.0 gio 





ee | This makes the ranging System more persistent, i. e., insensitive to_ 
eerupe changes of speed. Besides this y the presence of a large 


integrator eae impares to Ppp enoe radar the property. 
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reduces considerably the effect of target fluctuation on the 


speed voltage. | 
A smoothing signal («27 v) is applied to unit RB6=5 


- simultaneously with triggering of reley R3-3. Thus, relay 
| R5n2 operates, and the persistence of the speedeanalysis circuit 


increases, which reduces the effect of target Fluctuation on 


_ the speed voltage. 


157 =. 
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| _k) Constructive Design of the Unit | SOX1-HUM (P 171] 
O (Figs. 69, -70, 71) | 
|The, block is constructed on an open rectangular See ies is 
-. a depression for the IF amplifier line in the right section of the chassis. 
Baste having the greatest heat resistence, Like the tube and the transformer are 
arranged at the top and the resistors and eenaetier: are in. the lower | 
section eee the perforated panels. 
| The space between the. perforated panels is Seaisen by the pulse trans— 
former, precision nesteeews: and the relay. The last are easily removed through 
the access to the tube panels. Arranged under the IF amplifier are the 
large components: oll-impregnated paper capacitors, the delay line, sai 
control potentiometers. These parts are in the form of demountable units 
and are easily removed (ani the block during .repairs. The housing has a. 
| large number of openings to facilitate the cooling. | _ 


| | ee - The functional circuit of the first integrator is in the form of a 


t 


separate air-tight highly mois ture-resistant removable hits 


Dimensions of the unit: 300 x 152 x 160 mm. 





- Weight of the unit: 4.7 ke 


/ (P72) 
VI. RECEIVER 
23. Purpose and Make-up 
The receiver of the range-only radar "Kvant' is used to amplify 
the détection pulses reflected from targets and to convert them into. 
‘video pulses. 
The receiver is made up of the following components: 
1. Resonant ATR tube. 
| 50X1-HUM 
. 161 = 
— SECRET 
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. KLystron local oscillator. 


3 
ia IF preamplifier. 
5. Main IF amplifier. 
6. Second detector. 
7. Video amplifier. 
8. Cathode follower. 


9. Pulse and noise automatic gain control systems. 





e aid 





(2h. Description of the operation of the receiver with th 
a functional flow chart 
The functional chart of the receiver is given in Fig. 73. 


The pulses that are reflected from the target enter from the antenna 


-: into the"reception-transmission" chamber of the antenna switch, where a 


resonant discharge tube L2-12 (RR-21) is used in the capacity of a discharge 


tube. 


From the "reception-transmission" pianos the energy of the reflected 


signal enters the frequency-mizer chanber, where a crystal rectifier of the mt Lt 


type D-4,03-V (02-2) is used as a cee 


In the receiver mixer chamber the frequency of the “reflected signal | 
is mixed with oscillations of the heterodyne irlystron of the K-27 (12-9) nah: 
After the mixing, a number of frequencies are formed, from. which 
an. ‘intermediate Frequency. is separated on the load of the receiver mixer. 

The load of the receiver mixer is the input circuit of the IF pre- 
a (PUPCh). } | 


Having passed the stages of the IF aneanmie vex: which uses tubes of 


the 6Zh1B (L2~1, L2-2)type, the signal reflected from the eset enters the 
cand 
main IF amplifier, which uses L3-1, L3-2, 13-5 (6Zh1P), L337 L344 (6Zh2P) cupees) 
162 5OX1 -HUM 


EY 
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to the klystron heterodyne, is separated on the input cirevit of the autoe - 


magnetron. 


ware ohtained as a ‘result of the conversion of the ‘picked—up reflected signals 


in the crystal mixer to a level which will ensure the operation of the II 


detector is to convert the IF pulses inte video pulses which are further 





Peg eeents | 50X1-HUM : 





Amplified by the IF amplifier and detected by the second detector L3~6 ian, 
the target signal, passing cecieh the video amplifier LVa? (6N3P) and the a 
ode follower, is fed to the time discriminator and the noise sutonetae 
gain contro? CArGuLe. 

| The pulse automatic gain control and noise automatic gain control 


have a common outlet to _ stages of the main IF amplfier through the 


ee a 


eathede follower L3-10a (6N3P). 

During the . transmission operation part of the energy of the main pulse 
enters through the attenuator into the IF amplifier mixer, where the 
oscillations of the ection heterodyne also enter. The difference frequency 


pulse, according to which the AFC generates the control voltage eg 27s [P 174] 


matic pRrapeuey control. 
‘The control voltage is maintained such that the frequency of the | 


klystron heterodyne would be higher by an IF than the pPedvency of the 


25. Bupose of the intermediate frequency amplifier 





The purpose of the IF amplifier is to amplify the IF signals which 


detector ieee. the near portion of its response. The purpose of the II 





amplified by the video amplifier. 


one iF amplifier is assembled with coupled circuits and consists of 


an IF prenmplacies and a main IF amplifier. 





Basic te tical technica) data of the 





_[P 175) 






- 


with the II detector and the video amplifier 
a l63 ~ 





: 
| 
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oO . | : a. The transmission band of the IF is not less than 4.5 me. 
b. The IF amplifier's amplification factors defined as the ratio of 
the signal voltage at the II detector input to the signal at tis IF amplifier 
| oe and for a noise level at the If detector of 6. 7> 1s not less than 100, 000. 
v. estiechis is not less than L5uv. 
| g. The: amplification irregularity of the transtission band is nate 
pees Aan 15%. | 


qd. The transmission factor of the video amplifier is 15. 


26. Descrivtion of the omeration of the IF preamplifier bv a 





Schemstic diagram 


termediate frequency 





reamplifier 





| (Fig. 73) 
The IF preamplifier represents a two-stage amplifier saciesinas tes. 
of: the 6Zh1B (L2-1 and 122) type. At the point of entry to the IF preampli- — 
fier a two-circuit filter is connected by . an L-type connection. | 
The L-type diagram of the IF preamplifier input cirenit is chosen A 
to obtain the smallest noise factcr and the greatest amplification under a 
_ Wide transmission bend. 
| At the same ine bie tees arrangement of the eee aaiaieee a 
stable operation of the first tube of the IF amplifier during the change | 
in klystron power: | 
The input cireuit consists of the Tr2e1 autotransformer and the L2~1 [P 176) 
_ inductance. In addition, the Tr2l also represents inductance because its 
Cc windings have the eereiwiniiee of turns for a coupling coefficient equal. %O 
C 


one. “onstructional realization of this inductance in the form of a transformer 


is brought about by the necessity of Depena ioe the current circuits of the 
$ 


crystal mixer ont the leakage current of tne first IF preamplifier tube. 
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to magnetron 
generator 


a. 







Chamberf 


and L2-1) 


antenna 


amplifier 


L2-1;L2=2 


, 3 eye de eye pws ne eg sr aera|aerer, Peame irRrN Renee ESR rey oer aa alee aa y _ & : | 
! AGC System ps] 
| , } ee | : <2 
| AGC Cathode | | -_— a , 
, | Pulse AGC | | Follower | Noise AGC | | | 
: | _ | . ! 
| 3-11 L3-10 | L3-10a L3=-10b; | ! 
i | L3-? | | 
serene eae ee elt ea ac faa at a cee a a eet cl —itime discriminator 
: | | , circuit 
from — from 
autematic lock on modulater 


 Fige 73. Functienal Flow Chart of the Receiver 
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os The adopted L-type arrangement of the input circuit is equivalent | 


to a coupled cocu which has on the mixer side inductance Ly and capa 











© 
eee 3 “and on the side of the input of tne first tube, inductance E., 
and eae ae C. | 

The vrimary capnei tance C, is the sum of the ane eictive capacitances -— 
Stns mixer chamber and the eoaial cable which connects the mixer with the IF - 
preamplifier input. The. capacit vance Co is the sum of the ET gapacteanes: 
of the first IF preemplifier tube and the capacitance of the mounting of the 
secondarv circuit. Because oe increase in capacitance Cy causes a shake | 
increase in the noise factor, constructive measures are taken to reduce. -the 
mounting ee cneibanecs of the secondary eer by selecting the most. 

compact mounting. - | 

The anode ¢ireuit of the first tube (L2-1) is loaded on the coupled {Pp 77a | 
circuit Tr2-2 with various -factors of the primary and secondary circuits. | 

The a resistors R2—2 and R2~3 are setieatea to abeean equal e 
eocers for a stable amplification oF the stege and ¢ & ‘favorable pattern of. | 

| frequency response. ; 

The BCL OUe aD T AES stage seneistece an L2~2 abe aicates Bae single. 
Oscillatory circuit which - consists of series-connected | inductances L2-6 and 
L2-7 shunted by an R2-6 esi stor. The capacitance of the circuit is the | 
inpnt eee of the tube and the signi ein of the unit combined. . 


The. output circuit is connected with the input of the main IF 


amplifier through the capacitance C2-12 and a coaxial cable with a character-— 





istic impedence of 75 ohms anda corresponding load at.the input of the main 
7 IF amplifier. | 


An optimum correlation is selected between L126 na L2-7 to obtain a 





better transmission factor and a eoeace Pa of the frequency a a 


of the transition from the IF preamplifier to the IF eur ifier. 4, fe 
- 167 - ~  50X1-HUM | 
- Declassified in Part - Sanitized Copy Approved for Release. 2013/01/25 - -CIA- -RDP80T00246A030400090001 -4 


or! 


Cao in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 *Y 
50X1-HUM 


90X1-HUM 














er ya 
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«. : Setaliee, De cake in " 


Due to the fact that the cathode evrrent passes through resistances 
R22 and R2-5, self-bias is supplied to the grids of the amplifier tubes. 
The capacitances 02-2 and C2~6 shunt the IF bigs resistors and in | 
this way. éxolude the negative feedback of the dignal, increasing the 
amplification of the stages. 
Power is supplied to the screen grids and plates through a series [P 15214 
Weteaciine filter. consisting of inductance L2-4, resistance RaW7, and capa— _ 
Citances C2-4, 63.9, and 62-11. - | 
| In pee reeo the resistance R2-7 Megane ane initial coeecetustia oor < 
150 v to a value ensuring the openaeton tolerance of the tubes. | 
The Filament of the tubes is also deesneied by a filter consisting 
of inductances L2-3 and L2~5 and capacitances (2-3, 62-7, and 02-19. » 
‘The. if preamplifier is tuned in an arbitrary sequence by turning the _ / 
GOnen the: coupled circuits T2e1 and 1252, and the. inductance L2-6. A 
The core screws are led out on the tube side of the ‘IF Caaetiil 
aubpanel. a | | | 
‘the emplification of the IF preamplifier on an IF Frequency be ace less 
than 17 for a transmission band of not less than 6 me. 


The IF preamplifier frequency response is represented in Fig. 7h. 





(Pig. 75) 


From the IF preamplifier output, the signal enters the IF amplifier 

input, employing the miniature ‘tubes 6Zh1P and 6Zh2P — ' AL3ay > L2-5). 

To match the “IF emplifier eae “with the characteristic imped- 

Cc ance of the coazial cable and ° the IF preamplifier output, a netaaae | 
load of 75 ohms, unde consists of two parallély connected resistors of 150 


ohms each (R31 and R3-2), is connected to the IF amplifier Ce — [P 182] 
= 171i- 
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The capatitance C3-68 divides the automatic gain control cireust. 

The coupled circuits Tr3-1 to Tr3~5 are ‘connected to the plete: | 
circuits oF L3-1 to 135 tubes with equal a-factors. 

The . amplifying steps on the coupled circuits with equal Qfactors: 


possess a more genes pendency ecsceese during a change of tubes and givers 


seEOnSt ge Mel eane subpites chan signle circuit networks and other networks. : 


A necessary transmission band of each PaRE aS yanE. tep (9 to ‘10 me) 


ds ensured by 2 selected relation between the windings of the phase. and grid 


circuits and the shunting résistors, | 
All Apes are adjusted ‘by changing the inductance by means of 


Movable cores in arbitrary sequence. Along the central grid circuits of the 


13-1 and L3-2 tubes a self-regulating amplification of the IF amplifier is 2 


carried out. 
Regulating voltage is supplied from the automatic gain control grid 
which is located in the range finder device, . through the arceunnete filter 


consisting of filter cells 23-1, 23-2, R3-33 and capacitances 03-1, 0346, 


ie the circuits of the hontai grids of the ere and ey bakes. 
the IF amplifier is | blocked ins transmission. | 
The blocking pulses are supplied from the modulator grid situated {P 183 ] 
in the RB6-2M transmi tter-receiver unit. | | 
Amplified to. the necessary level, the If signal is supplied to | 
the diode detector which employs the left half of ene Das (62h2P) tube. 


The frequency response of the basic IF amplifier, which is taken from 


‘the output of the detector for a signal of 100 uv at the IF input, is 


represented in Pig. 76. 


The frequency response of the complete IF amplifier together with 
12 = 


aErern | ~ 50X1-HUM 
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the IF ‘preampl ee =e es eee oe 2 ee 
| The amplification of the main Ir se a IF is at les ast. 10,0004, 
the band width . ; at least 6 me at an irregularity of not more than. LOA. 


I | 
‘Thé power supply of the screen grids and tube plates of the main 


IF amplifier is. taken from the source #150 v, and to ensure the optimal — 
‘ operation of the tubes, part, of the vortaee: is consuned across: ‘the | 


‘resistance R3-30. 


A multi sectional filter, consisting of inductances 13-7 to L3-10 and 


capacitances C365, Cx10; C3—14, C3—18, 0323, and 03-30, is used. for 


decoupling the high frequency of the IF am “plifier' Ss screen ‘grids: | 


The power eUPPEy. of the tube eeeees = is brought through the. 


oscillatory circuit. 


The tube filament circuits are also decoupled from each other by a 
filter consisting of inductances L3a1 _to L346 and capacitances C3—3, 3-8, 
63-12, 3-16, C320, 03-25, and 03-29. 


The initial ice of the order. ‘of ay is eutonaticelly supplied to. the - 


4 grids of the amplifier tubes aue to the drop. of es across .the cathode ’ UF 184) 


resistances R3~3, R36, R310, R315, and R3~19: ag a ‘resukt of curr ent flow 


from the ‘tubes. To eliminate the high frequency negative feedback, i. Ces to 
increase the amplification, these resi istances are blocked by capati tances 


C322. C34, 6327; 03.9; 03-1, C3=15, 03-195, and C3421. | 





: 28. Detector 
(Fig. 78) | 
The intermediate frequency signals are detected a. diode detector | 
occupying the left side of the L3~6 (6Kh2P) tube. | 
The main envenane of a diode detector is the linearity of its debees 


ee response, beginning eeey mere vane small signal amplitudes; and the 
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absence of overload of the detector by strong signals. 


Sg eT ye auer oe ean : a 
abel A a act cay Soa! 


C> a From the Tr3-5 circuit the signal voltage of the intermediate fre-_ 
quency is/supplied Lo the Aiode cathode. , | | 
A rectified voltage of the video signal is obtained on the resistance 
of the R3-25 detector load, and is then supplied to the video amplifier grid 
through the transient circuit C3-27 and R3-2d. | | 
This transient circuit, together with the right helf of the L3n6 
‘tube, limits incoming signals with respect to their eee a pROESSS which 


is ensured by. aapreertate selection of the time constant. 
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/ 29, Video Amplifier 


SPN 189 | (Fig. 79) 


Video pulses from the detector output are further amplified 
Ya video amplifier which comprises the’ left half of tube 
1347 (6N3P). | 
Active resistance R3-23, having a value of Jot k 2, is 
selected on the basis of conditions necessary to obtain a 
sufficient pass band (of the order of 2 Mc) and a gain of 
around 15 times is connected to the anode @rid of the video 
- amplifier. 
| To decrease the shunting action of the last stageu.ie 
| video pulse from the wdes amplifier is fed to the cathode 
_ follower which comprises the second half of tube 13-7, from 7 
the load of which (R3-28) a signal is epplied to the matching 
Y ies. The anplitude characteristic of the video amplifiers 
 teken from the output of the eathode follower, is pGep even in 
Fig. 80. | 
30. Construction of the Receiver 
The i-f amplifier is made in the form of two subpanels: 
int preamplifier subpanel (Fig. 81, 82), and i-f amplifier 
; . subpanel (Pig. 83, 8h). 
The i-f preamplifier subpanel is located in the receiver- 


| © transmitter unit, and the i-f amplifier subpanel, in the range unit. 
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© 
| Such a eee is made because the i-f amplifier must — 
be sieed in direct proximity to the crystal mixer to obtain 
a maximum signal-to-noise ratio. But because the receiver- 
transmitter wit where the crystal mixer is located is small 
| SPN 190 and it is not possible to put the i-f amplifier into it, the it. 
| amplifier deretmuceurenly divided into two subpanels: the 
pre+ and the main i-f amplifier. 
The pre=- and main i-f apr esere are epanectad to each 
other by h-f cable RK-156, which consists of two parts connected 
to each other be a hermetically sealed h-f plug. 
- The i+f amplifier and i-f preamplifier:subpanels:are.atbached — 
tocthetchassis of the corresponding ‘units by screws. 
The input of the main i-f amplifier is made in the form 
of an hef plug whiclt is located at one andor the back edge | | 
of the subpanel, and leads to the front panel of the range unit. $ 
The i-f preamplifier subpanel is supplied by a power | 
Supply cable. | - 
‘The i-f amplifier power supply cable is teminated by 
seven-contact plug Sh3-l. 
KTO type reference capacitors, which are ‘connected, to the 
chassis by means of nuts, are used in other circuits. These 
eaeecivors also ues reference points for the rest of the 


é 


@& _ _ components connected to them. 
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The screws for tuning fhe H-f circuits are inserted in the 
side of the tubes. The adopted construction of the circuits 


and their attachment to the chassis provide for tuning i-f 


amplifiers with the lids cloded. 


The tuning screws are atteched by special springs, and 


after tuning are sealed with colored laquer. 


To improve the operating stability of the i-f amplifier; 
the points of connection of the lids with the chassis are fitted 


with a gasket of special high-frequency electrical seal in 


the form of a special type of cord spliced with wire and a 


Monel metel strip, which improves the contact between the 
lis and the chassis. 
The i-f preamplifier and i-f amplifier chassis are Silver plated. | 


A special contact rack, which shorts the power lines of’ the 


last stages halfway to the first, is set in the middle of the 
_subpanel to prevent galvanic connection of the firgt stage 


of the main i-f amplifier with the last. 


The tube sereens » besides their basic function as shields a 


perform the role of tube holders, which is accomplished by. 


' special clamp springs which are part of the screen. 


These springs, besides this, provide for reliable contact . 
between the tube leads and the panel jacks. 


A view of the i-f preamplifier and amplifier from the 
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mounting side are shown in Fig. 82 and Fig. 8h. 


| age the level of receiver set noises may change. 


| faulty, since it excludes the possibility of locking on a 


_ target. 
. leads to a certain loss of sensitivity of the automatic pronase 


‘relative to the initial level at which the automatic locking - 


/ Saree. — §0X1-HUM | 











é 


i; | . 
31. Noise AGC of the Réceiver (Noise AGC) 
ae Receiver (Noise AGC) 


A constant voltage of set noises flows from the output 
cathode follower of. the receiver to the coincidence tubes | 
and then to the amplifier, peak detector, and the output tube - 
of the epromavic locking device, . 
‘The sensitivity of the automatic locking device is “ 
Controlled at a definite noise level. When the environmental 
conditions or the supply voltages are altered, and also 


anen the tube and component parameters change as a result of 
An increase of noises may result in operation of the 
automatic docking device. 
‘Such a false lock causes range-only radar to be completely 
dh decrease in the noise level is less dangerous: 3 it - 


device. For parts a twofold decrease in the noise level 


device was set results in a loss of approximately 3-5 db in the 





set sensitivity. 


In connection with this a noise ACC circuit, the purpose of — | 2 | 
which is to maintain the constant noise level at the receiver | 
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output yhen possible destabilizing factors act, is introduced — 
‘into range-only radar. 
Besides this basic requirements the ACC system must be 


relatively insensitive to external interference and target 


_ pulses whose. a : . intensity can change over a wide 
range. | | 
SPN 196 The noise ACC circuit, comprising tubes 13-9 (6Zh2P) 


. L3-11b (6N3P), and L3-10a (6N3P) is shown in Big. 85. 


‘The first stage (13-9) is an ordinary amplifier stage with 
resistors; the second stage (tube L3-llb) is a diode detector; 
the third stage (tube (L3-10z) is a cathode foliower. 

The circuit operates in the following manner: 
Noise from the receiver output is applied to the input of 
the amplifier stage (tube (L3-9) through capacitor 3-36. 


The amplified and phase-shifted noises are taken fron eenistor } 


R3-h2, which is the pant load of L3-9, and fed to L3-1ib. The 


detected sasat ive noise voltage then flows from the plate load 


: R3-h2 of tube L3-1lb to the grid of cathode follower 13-10a 


and thence to the grids of the i-f amplifier control tubes. 
In order to avoid the effects of pulse noises reflected 
from ground objects on the AGC circuit, the latter is blocked | 


for a period of 50 + 70 microseconds from the moment of emission 


of the main pulse. | 
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The trigger pulse from unit 2 passes to diode L3-20b (right 
half), is expanded by the R3-983;C3-70 network, passes through 
capacitor C3-69 to the péntode grid of tube L3-9, and blocks 

the tube for a period of 50 to 70 microseconds. 
| Consequently, the noise AGC circuit does not function for 
-a period of 50 to 70 wteroseconds during reception (see Fige 86). 
The original noise Level at the output of the receiver channel 
is set by potentiometer R3-5 and corresponds to a certain Aeoative: 
. voltage at the AGC output . 
eens “The noise level at the output of the receiver channel is 
set within limits of 5 = 7 v (0.5 of the cutoff Limit). 
“When the noise level at the output of the receiver changes 
relative to the originally prescribed level, the AGC circuit 
changes its negative output voltage, leading to a change Latin 
"the gain of the receiver and to the retention of the prescribed 
“noise Vegan at the output of the receiver channel. 
In the event of the absence of manipulation of the earoere 
by a negative pulse when pulses reflected from ground auietts’ 
are present, the AGC circuit increases the controlling voltage, 
‘which decreases both the noise level at the output of the 
receiver as well as the sensitivity of the set. | 
32. Pulse Automatic Gain Control of the Receiver (Pulse noc) 


Pulse attomatic gain control is designed to maintain the | 


pulse amplitude of the target at the receiver output at an 
. 187 - 
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ts approximately constant level when the intensity of the reflected | 
| - Signal at the input changes over a wide range. This is achieved | 
‘by increasing the accuracy of determining the range to the target oa ® 
since in the absence of such control the determined range 
would depend on the intensity of the reflected signal; thus, | 
‘the range would be different for two aircraft (texects) of 
different size located exactly the same atetence from the 
_ SPN 202 receiver. There would also be an error in Aeetne with the 
> target. This is explained in Pig. 87.6 
| The puls e AGC circuit execs only on the basis of a selective 
pulse; that is > 4a pulse which is locked on by the ange uae: | 
~ Such selection is necessary B0 that a decrease in the gain of 
_the receiver does not occur in the presence of strong 
‘extnaneous pulses (for example, noises reflected from nearby | 
aircraft of the ground), which could lead to the impossibility 
of locking on a weak useful pulse reflected from the target. 
| | ane pulse AGC circuit (Fige 88) operates in the following 
| ‘Manner? | 
, A positive eee passes from the anode of the amplifier of 
+t the aULOna UES lacking device (L3-19, right half of the tube) 
. through spacing capacitor C3-65 to the Grid of the amplifier 
| of tube L3-11 (6NIP). The performance of this amplifier (bias) 
_ is determined by the control "Pulse Amplitude" (pobentiometer 
3B R3-65). a | 





* - 192 - 
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A ne sive pulse taken from load R3-52 is detected by the 
normally closed right diode of tube L3-10 and, from ivs load 
and the stretching capacitance (R5-h7, C3-39), is applied in 
the form of a d-c voltage to the grid of the cathode follower 
(left triode of tube L3-10) and thence to the control grids of 
the i-f amplifier control tubes. | 

The change in bias at the control grid of tube L3-2la 
leads to a change in the amplitude of the video pulse at the 

- output of the receiver channel. The magnitude of the 
amplitude at the output of the receiver channel is usually 


. maintained to within 0.9 of the cutoff level. 
SPN 202, | | 


193 = 
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205 * 2 YF 4% VII. POWER SUPPLY RB6-l) 
| 33. Function 
This unit is intended to supply the units or the "Xyvant". range~ | 
only radar with rectified, stabilizec voltages of: . 
+ 300 v, * 200 v, + 150 v, and ~ 150 v. 
3h. Functional Diasrar 
The functional diagram of the power suoply consists of seven 
- basic assemblies and is show in figure 89. 
then a ~ 115 v, LCC eps voltage is applied to the primary windings | 
-of the transformers, voltages are taken from the secondary windings | 
and fed to rectifiers designed as bridge circuits with crystal diodes 
type D7?Zh. After this, the rectified pulsating voltages are fed to 
electronic voltaze stabilizers. | 
| The constant voltages are fed from the output of these stabilizers 
to the plug connector of the unit. : 
35. Schematic Diagram of the Unit 
a A schematic diagram of the unit is shown in figure 70. The unit 
- dis supplied by a ~ 115 v, 00 cps a-c voltage. — 
Rectifier and Stabilizer, + 300 v 
| The rectifier which supplies the electronic stabilizer with. 
+ 300 v is built on a bridge circuit with crystal diodes D7-Zh. 
SPN | : . 
20k Four crystal diodes are connected to each arm of the bridge. — 


In order to decrease the pulsations of the rectified voltage, a 
capacitor Cl-1 equal to 2 microfarads is placed at the output of the 
t : ’ rectifi Cle 3 
The circuit operates in the following manner. 


then an ase voltage (~ 115 v, 00 cps) is applied to the primary 
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winding of the transformer, a voltage of ~ 390 v is taken’ from the | 
secondary winding 3-5 and applied to the bridge. | 


When terminal 3 of secondary windins 3-5 of transformer Trl-2 is 
positive with respect to terminal 5, Dl-17, L4-18, Di-19, Dl-20 and 


At the next moment, when terminal 5 of the secondary winding is 
positive, arms Dk~16, Dlj-15, D-1h, Dy-13 and Dl-2h, Dy-23, Dy-22,_ 
and Dy-21 functions 


_. Thus, the rectified current passes through the load through both 
half periods in one direction. | 


There are no filters in this rectifier. This is exolained by the 
fact that the property of the electron-ion voltage stabilizer circuit 
is used as a filter. | , | 


Stabilizers of this type have instantaneous reaction to changes | 
in the voltage of an external power supply, which is the rectifier, 
while maintaining at the same time a steady output voltage. 

OPN  *) | ‘ | 

205.3 Further, the rectified voltage is applied to an electronic vol- 

_ * tage stabilizer which is designed as a series-connected circuit with 
a control tube (Li-1) type 6PIP and a two-stage d~c amplifier ‘sube 
Lh-l) (6N2P), with a reference voltage supplied by voltage stabilizer 
SG3S (Lh-10), which is common for all electronic stabilizers of the 
unit. | 


Let us assume that, due to an increase in voltage of the ~ 115 v 
400 cps supply network, or as a result of a decrease in current con- 
sumption, the voltage at the output of the electron-ion stabilizer 
increases. This leads to an increase in the divider current, consis- 
ting of resistors R-~6, Ri-7, R4-8, and Rl-9, to a decrease in nega~ 
tive dias at the control grid of the right half of tube Ll-2, and, 
accordingly, to an increase in its anode current and a drop in voltage 
across resistor Ri-5. In turn, the increased voltage drop at resistor 
Ru-5 causes a decrease in negative bias in the left half of tube Llj-2 
and an increase in its anode current, and, accordingly, to an increase 
in the voltage drop across resistor R\-l. The voltage drop at resistor 
at Ry-l) is in no way different than the bias of control tube Ll-1, which 
: determines its internal resistance. . 


The internal resistance of tube L)-1 increases, causing an in- 
erease in the value of the voltage applied to it and a decrease in the 
voltage at the output of the stabilizer. | 


e 4 @195 > 
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SPN | 
206 Thus, the resulting increase in voltage will be compensated. With — 
| a decrease in the voltage of the ~115v, 1:00 cps supply network, or 
“with ax increase in current consumption, the voltage at the output of 
| the electronic:stabilizer will be stabilized in a similar manner. 
- Resistors Ry-2 and Ry-8& serve to limit the current through tube 
Lh-1 (6P1P). 
Capacitor Ch-2 serves to increase filtering of the output voltage. 
Capacitor Clh-3 is a decouoling capacitor. 
Fuse Prl-2 serves to protect tubes Lh-1 and Lh-2 and transformer 
sectifiers and | stabilizers, + 200 v and + 150 v 
The rectifier which sup LAs the + 200 v and + 150 v electronic © 
stabilizers is assembled in a bridge circuit with crystal diodes DiZhe 
- Three Srystes diodes are sonnstted to each arm. 
The principle of operation of me rectifier is analogous to that 
_ described above. 
The 200 v electron-ion voltage stabilizer uses tubes Ll-3, Ll-h, 
and Lli-Sa. | | 
| The 150 v electron-ion voltage stabilizer uses tubes Ll-6, L-7, 
SPN : 
207 | | | Rectifier and Stabilizer, - 150 v 


The rectifier which supplies the - 150 v electronic stabilizer is 
also designed as a bridge circuit with D7Zh crystal diodes. tach arm 
is connected to 2 diodes. 


Unlike the positive voltage rectifiers examined above, the vol- 
tage for the stabilizer is taken from the "minus" side of the bridge 
circuit in this case. 


i | ' . Tube Lh-8 is used as a Peenieuine tube, Lh-9 as a contr ol tube, 
: and Ll~10 as the reference voltage source. 





The principle of operation and functions of the individual ele- 


196 - 
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SPN 


Snr pm 


Bo 


ments of the circuit are analogous to the above-described circuits 


with only one exception -- in the negative-voltage electron-ion stabi- 


lizer, a decrease in supply voltage causes a decrease in | negative blas 
as the control tube. 7 


Resistor Rh-32 is the load resistance of voltace stabilizer Lh-10. 


Capacitor Ch-1l serves to decrease pulsations of the voltage sta- 


bilizer as well as Poser oie self-excitations of the circuit. 


36. Construction of the Unit 


The power supply unit is built in a separate mounting frame 
oe a shock-absorbing frame and housing. 


A general view of the unit is given in figures 91, 92, 93; and Qe 


The more intense sources of heat, namely tubes 6P1P (6 tubes); 


6N2P (3 tubes), SG3S (i tube), and the vitrified resistor are placed in) 


a section adjacent to the front panel. ‘The caoacitors are separated 


from the forward section by an insulating partition. 


On the front panel of the unit (fig. 91) is a fuse box and a 


cable with a 9-pin connector plug. 


At the rear wall of the unit (fig. 91) on a brace are the crystal | 
diodes, which are separated from the capacitor section by another, 


screen made of textolite. 


Also on the rear wall of the unit are the control units for 
+ 300 v, + 200 v, + 150 v, and - 150 v. 


The shock-mounted frame is mounted to the housing with the aid of 


‘locator pins and two knurled hinge nuts. 


The dimensions of the unit are: 28) X 150 X 168 m. - 


Weight of the unit: h ke. 


VIII. Speed Unit RB6-5 


37. Function 


This unit is designed to automatically determine the relative 


. = 198 - 
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speed of the target and to feed the corresponding voltage to the sight 
computer ASP-5NM and to the comparator unit K~-8. 


38. Basic Technical Data of the Unit 
a. Rule for speed voltage output in mode "A": 
| Usp (v) =-0O.1V m/sec 
in mode "B"; 
Vey (v) = = 0.0); V m/sec 
Speed is positive during approach. 
b. Maximum statistical error in determining speed: 
in mode NAN 3. no greater than = 10 m/sec 
in mode "B" -- no ereater than * 35 m/sec 


c. Target speed voltage is presented in a speed range from — 
- 100 m/sec to + 00 m/sec. : 


d. Dimensions of the unit: 92 X 92 X¥ 170 [mn] _ 


e. Weight of the unit: l.l kg. 


39. &E Functional Diagram of the Speed Unit (Fig. 95) 


-. ‘The range voltage Ug from unit RB6-3, taken from cathode follower _ 
‘L3-22b through filter R5-13, C5-9, is applied to Meee nn een ere 
: circuit C5-1, R5-1. 

SPN | a te | 

- Que . A voltage appears at the output of the differentiating circuit — 
3 ' which is proportional to the rate of change of the voltage at the |. 

input of the circuit. Since a range voltage is applied to the input, 
the output will provide a voltage which is provortional to rate of 
approach or withdrawal of the target (fig. 96). . 


The magnitude of this voltage is small and must be amplified to 


the required value. Since the speed voltage is constant or changes 
‘slowly, a d-c amplifier must be used for. this purpose. 


- 202 ~ 
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fhe presence of drift makes it impossible to use ordinary d-c 
amplifier circuits, and, therefore, a special amplifier was designed. 


The amplifier consists of a balance converter based on tubes 
L5-1 and L5-2 (type 6S6B), a phase detector based on tube L5-3 (6Zh18), 
and a cathode follower -- tube L5-l, type 6S6B. 


‘The amplifier encompasses a feedback circuit which increases its 
operating stability and vrovides a constant amplification factor. The 
value of this amplification factor is determined by the feedback cir- 
cuit and is equal to 8. ; 

The speed voltage passes from the output of the phase detector  ‘° 

through cathode follower L5-l to the sight computer ASP-5NM and to the 
comparator unit K~8. | 





SPN | 
"e16* 4 *. _ Capacitor C5~8 is used to smooth speed voltage fluctuations. 
— ' During the setup time of the speed voltage, equal to 1 second, capaci- 
- tor 05-8 is disconnected. If this were not the case, the setup time 
would be considerably greater. | 
10. Description of Schematic Diagram (Fig. 97) 
A voltage proportional to the range to the target is applied 
through filter R5-13 and C5-9 to the differentiatine circuit C5-1 and 
R5-1, at the output of which is produced a voltage prosortional to the 
-speed of the target. This may be explained by the fact that, at the 
output of such a circuit, the voltage is expressed by the relationship: 
# : UJ . 
\J LNe C 
| out. aa R 
this condition will be satisfied within a time corresponding to 
(3 + L) RC (fig. 96); since, when the station is operating in mode "A" 
Uinw = 95 = “39 ~=Co3.:«then, 
oo dU an. -. 1 dD . 
oo at | 20 “dt” * 
correspondingly: 7 
| i U out. = = 20 RC c42 © 
i SPN , : | 
elt | Since: RC = is 10° 0.25: 10° = 0.25 sec, 
oe | yl . 140 
out. “Bode 
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The given value of speed is determined by the relationship: 
1d Dd 


ye ° : UJ SD. = ~ lod tL L _- 


' This also explains the need for an amolifier with an amolification 


factor = ° = Usp 
~~ | a ~ Wout. es 
when the station is operating in mode "B# 
Us, = 195 - D 


SO 3 
AUin, | 1aAQD 


dt 506 4b 


dD 


" Accordingly: Uy 1 
_ | | out. > * 50 RG dt 


Since the time constant has not changed, 


RC = 0,25 microfared 


1 dD 


Lj oo == Io 
- 468 | out. 
SPH 200 dt 


218 _. Since the amplification remains as before, the speed scale in 
the "B" mode will equal: 
ye i U Sp. _ 
J out. 


U sp. = Uout. § = ~ 0.0 V 


An L-shaped filter R,,C,y is introduced for the purpose of Sine 
nating exeranceus influences found in the range voltae. 


The computing eprewit is also a d-c amplifier with an amplifica- 
tion factor equal to &. 


The necessity of obtaining a linear characteristic and stable 
operation of the amplifier led to the use of a converter at the output 
of circuit L5-1 and L5-2 to convert the d-c voltage to 00 eps signals 

/ and to the realization of a basic gain in alternating current. Subse- 
; : “quent reverse conversion is accomplished by a phase detector La 


, - In the search mode the control grid. of L5-1 of the Betanes con- 
verter is connected to ground and the voltage at the grid is equal to 


1a 
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zero. the latter is also the case when locking on a stationary tar 
get, when the range voltage does not change. ; 


i The voltage at L5~2 is also equal to zero, while the currents 
flowing through the right and left windings of pulse transformer Tr5-2 
are equal in value. There is no a-c voltage at the output winding of ,- 

| Tr5~2. | : 

. SPN Z : | | 
020 © An a~c voltage (100 v, 00 cps) is applied to the screen grid of 

| phase detector from a special winding of transformer Tr5-1. During the 
positive half of the voltage cycle at the screen, the tube opens and 
_ current flows through the anode circuit. During the negative cycle, 
. the tube is closed and current ceases to flow. | | 


| Capacitor C5-6 smooths the voltage pulsations at the anode, The 
| operating conditions of the tube are selected in the given case so 
that the voltage at the anode of L5-3 is equal to zero (this is possi- - 
ble since the cathode of L5-3 is supplied by the - 100 v source). | 
This. voltage is applied to the grid of cathode follower L5-l;. A zero 
voltage is fed from the output of L5-); through feedback divider R5-6, 
—-R5-5, and R6-6 to the grid of L5-2 and to the Sight circuits. oe 


| When tracking an approaching target the range voltage increases. 
The derivative of this increasing value is positive and, therefore, 
' the voltage at the left grid of the balancing amplifier increases to a 
' certain positive value. This value will depend on the closing speed. 


Due to the increase in voltage at. the grid, the current in tube 
L5-1 increases in comparison with the current in the right half. These 
. currents cease to compensate for each other and an a-c Signal appears 
at the output of Tr5-2. The middle point of Tr5-2 is supplied by an 
-a~c voltage (200 v, 00 cps) from transformer Tr5-1. The a-c voltage 
| , _ from the output of Tr5-2 is applied to the grid of phase detector L5-3. 
SPN 7. | } : _ 
22200 As may be seen from figure 98, the phases of the signal voltage 
‘ and the voltage at the screen grid of L5-3 are, in this case, in 
opposition. This leads to the fact that, during the positive half of — 
_ the screen voltage cycle, the voltage at the control grid decreases | 
--and the anode current of the tube also becomes less, while the voltage 
at the anode increases. | : . 


| The increase in voltage at the anode is transmitted through L5-3 
to the. sight. In tracking a receding target the voltage at the con- 
trol grid of L5-1 is negative and the phase of the Signal voltage at — 


L5-3 coincides with the phase of the reference voltage. 


- 208 ~ 
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_ The anode current of L5-3 increases and the voltage at the anode 
and at the output of the circuit drop. The values of the voltage at 
the output become negative. In order. to obtain a linear transfer | 
‘2 | a characteristic, the entire circuit encompasses a reedback circuit in 
“S | ae form of divider R5-6, R5-5, and R6-6, . 


: Due ‘to the high "internal" gain, the transfer constant of es 
_ entire amplifier is determined in the basic feedback circuit by: — 


aq | 7 C= ———— 5 
oa . Ll + Ky Pp 
“a ‘where: K.--. the transfer constant.cf the arslifier with feedback; 


“4 ss RO the transfer constant of the same eplifier without a 
. a a feedback circuit; 3 —- 
jo Bw the Feedback factor. 


M0. Th our ease K & 1,000. 

@ SEN te, . | 

qf 22300 0° pe es E 
i ae Rol) + R6n6 + 5-5 ~ 8 
go Thus _ 1,00 . , 

a oR . 000. 


Since the scale (slope of the characteristic) of the speed vol~_ 
tage depends on the value of the transfer constant, it may be controlled 
by changing B by means of R6-6. 


a 2 ee * Null control is ‘accomplished with the aid of variable resistor | 
a | | R6-10, which balances the currents in L5-1 and L5-2. 


., To decrease speed voltage fluctuations, which will .occur because ; 
of fluctuations in range voltage, the smoothing filter R5~-6 and CS-8 
is introduced into the feedback circuit. 


The principle of operation of the filter is based on the fact © 
that, in the given case, the feedback factor for the high-frequency 
components of speed voltage will be considerably greater than 8, since. 
the equivalent resistance of C5-8 will decrease with an increase in 
ePeqeened, and will become less than R5-6. 


sg Accordingly, the amplification factor of the amplifier for eine 
frequency Se decreases and fluctuations do not pass to the 


W210 = 


50X1 —_ 





-epanrm 
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50X1-HUM 
output of the circuit. 


A delay in switching on the filter is necessary in order to de~ 
crease the setup time of the speed voltae. 


ooh _ dn the differentiating circuit RC = 0.25 sec. ‘Without consider- 
_ ing the filter, the setup time is 0.75 + 1 sec., and with the filter 
_ it-reaches greater values (RC of the filter = 0.05; RC = 0.2 sec, 
considering gain, Reeguiy, = 8 x 0.2 = 1.6 sec). | 


In the search mode a search voltage will appear at the input of 
the differentiating circuitwhich will fluctuate between 25 and 185 
volts. When locking-on is achieved, the voltage will correspond to 
the range to the target. 


in order that the unit will not be overloaded by large voltages 
while in the search mode (scanning rate % 3,000 m/sec), the grid cir- 
_ cuit of the input tube of the balance converter L5-1 is connected to 
_ ground by contacts 1;2 of relay R5-1 and opens only at the moment of 
lock-on, while, simultaneously, contacts 33) of the same relay send 
a lock-on signal to the sight ASP~5NM, | 


Wi. Construction 


The speed unit has a cylindrical shape with a maximum diameter of 
92 [mm] and a length of 170 [mm]. The unit is dust- and moisture- 
proof. | 


| Located on the front panel of the unit are tubes with rubber 
SPN seals protected a perforated metal casing, and the connecting cable 
225 - _ with hermetically sealed bushings located under the protective face 
_~ _ plate and shield. (Fig.- 99). 


- Perpendicular to the front panel is the mounting frame which has 
cutouts of complex shape. | . 


On the top of the mounting frame (fig. 100) are located: the 
power transformer, a type RSM relay, an interstage transformer 
TI-57-0-000, type MGBP capacitors, type MPGP capacitor for the dif- 
ferentiating circuit, and a-wiring panel. : 


7 Precision resistors are located: on the bottom of the mounting 
| frame (fig. 101). : . 


The unit has a cylindrical housing with a sealing flange. 


- 2l1- 
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Sealing is accomplished through the use of a rubber gasket be- 
- $ween the front panel and the flange of the housing. The unit has 
removable holding straps. . | 


The weight of the unit is 1. kg. 


SPN. | a | By | 
228 “8 : IX. Control Panel (K~6) 


42. Function of Control Panel 


| The control panel is the center of all the basic controls of the 
_ set and is the control point from which is measured the voltage at the 
"sensitivity" potentiometer of the automatic lock-on device. In addi- 
tion, the "time relay" which serves to delay cutting in of the high. | 
_ voltage in unit RB6-2M, and the cirenit switching relay for the opera~ _ 
_, ting modes of the set are also located on the control panel. oo 


| 13. Schematic Diagram of Control Panel 


A schematic diagram of the control panel is given in figure 102. 


Fuse PR6-2 (5 a) iselocated in the 115 v, 00 eps circuit-breaker. © 
When the current consumed by the sight or the radar in the 115 v, 
00 eps circuit exceeds 5 amperes, fuse PR6-2 blows the circuit~-break- 
er in the network. 


Fuse PR6-1 (10 a) is located at the breaker for the 27 v circuit. 
When radar or sight current exceeds 10 amperes in this circuit, fuse 
PR6-1 breaks the circuit. _ 


The "AFC Gain" potentiometer serves to regulate the initial bias 
at the control grid of the i~f amplifier tube of the AFC circuit. 
Capacitor Cé-2 blocks high-frequency current from resistor R6-3. 

SPN 
— 229 - The "Sensitivity" potentiometer R6-13 and resistors R6-12 and 

R6-1l; create the necessary level at which the ‘automatic lock-on cir 
cuits begin to operate (see the description of the automatic lock-on 
circuit of range unit RB6-3). | 


The "Range Zero" potentiometer (R6-15) and resistor R6-16 comprise. 
: : a divider from which is taken the voltage for regulating range zero in 
the "Fast Sawtooth" generator. | 


Potentiometer R6-11 is located in the grid control circuit of the 


: ~ 21); - 
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fast sawtooth generator and regulates the range "Scale" in mode "A", 
| Potentioneter R6-17 regulates the range "Scale" in mode "Bl", 


Potentiometer R6-6 is located in the feedback network of the cir- 
_ cuit which provides the speed voltage and serves to regulate the 
"Speed Seale." , 


Potentiometer R6-10, resistors R6-8, R6-9, and cavacitors C6-3, 
 C6-l, are placed in the cathode circuits of the amplifier used in the 
speed processing circuit. Potentiometer R6-10 regulates the speed 

Neero. it} 


- The purpose of relays R6-1 and R6~-2 is to delay cutting in of the 
high voltage for the period of time necessary to warm-up the modulator 
. in the receiver-transmitter unit. Relay R6-1 is a thermorelay; R6-2 is © 
- an electromagnetic relay. : | 


| A voltage of + 27 v is fed to the winding of 26-2, which closes 
_ - the high-voltage circuit (contacts 7-12), through the normally open 
_ contacts of relay R6-1 (contacts 3-h). 


.2 When the toggle-switch "stantsiya" [set] on the sight is switched 
- - on, a voltage (~115 v, 100 cps) is aoplied to unit RB6-, where the 
> supply voltages of the set are produced. A ~- 150 v voltage is fed to 
. thermorelay R6-1. The operating time of the thermorelay is 2.5 to 
3 min. When the relay operates, contacts 3-); close and + 27 v is 
applied to the winding of relay R6-2, operating this relay and closing 
contacts 7-12. | : 7 


| After this, the high voltage may be turned on by means of toggle- 

switch "Radio-Optics" located on the control panel of the sight. When 

this switch is turned on, a voltage of ~ 115 v, hOO cps is applied to 
the primary winding of the high-voltage transformer in unit RB6-2M _ 
and signals that the high voltage is on. 


Fuse PR6-3 (0.5 a) is located in the high-voltage switching cir~ 
cuit. If current consumption in this circuit exceeds 0.5 ampere, | 
the fuse blows and the circuit is opened. 


Relay R6-3 serves to switch the radar circuits between modes 
"A" and "B". In mode "A", when the relay is de-energized, the range 
_ voltage is applied to the Sight according to the rule: <* 


i D 
Ua = 195 - => 





MU (contacts 11 and. 6), the circuit R6-17, R6-18, R6-19 is shorted (con- 


- 216 - 
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tacts 9-1), and the ferrite switch switches overation of the antenna 


.., to wide, beam (contacts 12-8 and 10~3). 


ne the presence of a mode "3B" sicnal, relay 26-3 operates and 
disconnects the range voltage from the Sight circuits, applying it to 


. unit K-8 (contacts 11-5). The network R6~17; R6-18; R6-19 is connec- 


ted in series with the potentiometer "Range Seale A," following the — 


- mune 


“Uy 195 - ao 


Simultaneously, the ferrite switch switches the antenna to | 
narrow beam. Resistor R6-21 (100 ohms)serves to measure the currents 


or the ferrite switch in moth modes. 


Resistors R6-7 and R6-20 provide the required magnetization | 


CULEENG, for the ferrite in both modes . 


lh. Construction of Control Panel 
(Figures 103, 10h) . 


The control panel is made of a box chassis and a housing which is. 


_. fastened to the chassis by 5 screws. On the front panel of the unit 


are the following: 


a. "Sensitivity" potentiometer 
be. "Range Zero" potentiometer 
Ce. "Range Seale A" potentiometer 
~d. "Range Scale B" potentiometer 
—@. "AFC Gain" potentiometer 
f. "Speed Zero" potentiometer 
g. "Speed Scale" potentiometer 
he "115 v, 5 a" fuse 
i. 115 v, "V.N." [High-Voltage], 0.5.a fuse 
je "27 v", 10 a fuse 


At the Sokton of the eit is a cable which connects to an inter- 


nediate cable. with the aid of a type Re connector with 28 contacts. © 


Dimensions of the unit: 170 X 110 X 78 mm. 


Weight of the unit: 1.5 kg. 


~ 2 = 217 « 
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y X. Comparator Jnit (X-3) 
ho. Fonction 
The comparator is designed for: 


| a) Supplying a present-range-to-target voltage to the pilot's 


‘yrange indicator "UD~1" following the rule: 


») Automatically comparing present range to target with the per- 


-.missible . launch range of homing missiles K-13 anc supplying a trigger 


signal to the green light "Launch" -lLocated on the pilot's instrument 
panes . 


c) Signalling when witherawal-from-attack range has been reached 


+ ie red Light "Pull-Out" located on the pilot's instrument panel) 


a) Feeding a d-c voltace (+ 27 v) to VRD-2A. 


-. ‘Switching the circuits of the unit to operating status is accom- 


ms Devens automatically by Lock-on and mode signals. 


46. Basic Technical Data of the Unit | 


= The oo range supplied to the pane s range indicator 


b) The relationship of present-range-to-target voltages supplied 


to the pilot's range indicator is given in:table #1. 


Table #1 








D {range} (m) | U5 (v) 
ae ene (ye ee 
1,000 ~~ 3.78 
2,000 : 7.50 
3,000 | . 11.25 
),,000 | ~ 15.00 
5,000 | 18.75 
6,000 | > 22,50 
7,000 | 26.25 
8,000 - a 30.00 
oe 219 - 
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°) The relationship of withdrawal-from-attack signal (pultiont. 


| Signaly to range-to-target: 


1,000m & Dirt out 


d) Dimensions of the unit: 159 X 109 X 90 [mn]. 


1,150 m 


-e) Weight of the unit: 1 ke. 


N72. Description of Operation of Unit According to 
| | Functional Diagram 


A functional diagram of the unit is given in figure 105. 


The permissible range voltage (Us 6 =) from the outout of VRD=2A 


_ and the present range voltage (Uj= 195 ra are fed through the 


«, wathete 2 follower to the comparator tube L8-2, which is closed in the — 
- initial state. | 


The moment of launching the missile is determined from the 


“ores & Dyer 


Wien Uy pres = Uy Sens tube L8~2 opens and the woleaze at its 


: anode drops suddenly. At the same time, the voltage at the grid of 
. the tube of relay L6-3a decreases, the tube closes, and the relay, 

“which is connected to the anode of the tube by its normally closed 
; contacts, turns on the green light "Launch." 


The "pull-out" circuit consists of a precision divider to which 


"is fed, on the one hand, the present range voltage and, on the other, 
a negative voltage of ~ "150 Ve 


The voltage - from the divider is spoiled to the grid of. bubs 


 ~Lb- ~3b, to the anode of which is connected the pull-out signal relay. 


The tube is closed in its initial state. 


With the arrival of a lock-on signal and when the range voltage 
has reached a value equal to a distance of 1,000 + 1,150 m, the tube 


opens and the relay operates. The "Pull-Out" light on the pilot's © 


instrument panel turns on. 


~220 = 
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gO Phe circuit used to convert the present range voltage to the vol- 


tage which. is applied to the pilot's range indicator consists of an - 
. operational amplifier in a negative feedback circuit. an 


| Ther present range voltage, which is apolied to the input of the 
operational amplifier, changes from 195 v to 35 v with changes in range . 


from 0 to 8 km; that is, it changes according to decay law. 


_ _ In connection with the fact that the full. deflection current of 
'. SPN tne pilot's range indicator is equal to 10 ma and the resistance of the 
233 - instrument is equal to 3 kilohms, it is necessary that the voltage in 
.. :. the indicator change within limits of 0 to 30 v with changes in range 
| (Dpreg) from 0 to 8 km; that is, according to an increasing law. - 


-. Conversion of the law to a range voltage scale is accomplished by 


the operational amplifier which sends a range voltage in the necessary 
_seale to the pilot's indicator. ; A pat Oe 


ae Description of Operation of Unit According to 
Fe ig ota | — | Schematic Diagram. | 
. - A schematic diagram of the unit is given in figure 106. 
: . When the set is operating in mode "A", relay R8-5 is in the re- 
_.Leased position. In this case the circuit of the range instrument is . 


~ open. 


In the absence of a lock-on signal, relays R8-3, RB- are in the. . 
released position. pie | } a 


The range instrument and "Launch" signal circuits are open and 
part of the divider of the pull-out circuit is connected to ground. | 


In the presence of a mode "B" signal and a lock-on Signal, the 
relay operates and the circuit becomes operative. 


| The basic function performed by. the unit is the comparison of two 
voltages: - pte OO | = 


| Ud pres =< supplied by the range unit, and Us per = taken from po~ 
tentiometer VRD-2A. ; 


ic 4 ae The present range voltage in the scale Uj= 195 - 35 > taken from 
« 223 - 
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| unit RB6-3, flows through cathode follower L8-1 (a) to the precision 


divider, R8-33, R8-34, R8-35, to the other end of which flows (also 
through the cathode follower L8-1 (b)) the permissible range voltage 


_ taken from potentiometer VRD-2A. The control grid of tube L8-2, a 


pentode with high transconductance and a nigh-resistance anode load, 
is connected to the middle point of the divider; therefore, the slight- 
est change in the voltage at the grid with respect to the cathode will 


“cause a sharp change in the potential of the anode. 


Tube L8-3a is open in its normal state. 


The operating condition of tube L8-2 is selected so that when 
voltage Ug res iS greater or equal to bj 5.,, the tube opens and a 


- voltage is suddenly applied to its anode. Phe drop in voltage through 


divider R8-7, R8-8 is applied to the grid of tube L8-3a. The tube . 


' .@loses and de-energizes relay 8-1. ‘The green light "Launch" on the 
-pilot's instrument panel is turned on. The witndrawal-from-attack 


circuit consists of a precision divider and tube L5-3b; the anode of 


.. this tube is connected to relay R8-2. One side of the divider is 


supplied by a voltage of - 150 v and the other side by the present 


. ragge voltage. 


‘In its initial state, when there is no lock-on signal, part of 
the divider is grounded through contacts 3 and h of relay R8-l, and a 


“negative voltage from R8-13 is applied to the grid of L8-3b, closing 


the tube to current flow.. 


With the arrival of a lock-on signal, relay 28-l; operates and 
the divider is disconnected from ground. 


Now a range voltage flows to the divider. When the range voltage 
equals 175 + 172 v [sic], corresponding to a range of 1,000 ~ 1,150 m, 
the potential at the control grid of L8-3b increases unital the tube 
opens and relay R8~2 operates. The red light "Pull-Out" on the pilot's 


- ” instrument panel is turned on. 


In order -to check for errors in the comparator circuit and the 
pull-out range circuit during ground checkout, a calibration. signal is 


taken from the control instrument KPK. In this case, relays R8-7 and 


R8-6 will operate and send voltages from KPK to the input of the com- 
parator circuit, simulating vermissible and current range voltages. 


The circuit which supplies the range voltage to the pilot's range 
indicator is designed with tubes L8-); and L8-5. The true range voltage’ 
shapers from 195 to 35 v; that is, the voltage drop will — 160 v. 


225 


90X1-HUM 


‘Declassified i in Part - Sanitized — Approved for Release 2013/01/25 - CIA-RDP80T00246A030400090001-4 





Declassified in Part - Sanitized Copy Approved for Release 201 3/01 j2o% CIA-RDP80T00246A030400090001-4 








The voltage applied to the range indicator must change from 0 v to 
30 v3; that is, the voltage drop to the indicator is approximately 5 
times less. 


This condition determines the scale of the operational amplifier, 
| which Ls set by the ratio of the arms of divider 38-16, R8-17. 


For precise. adjustment of the scale, the divider is connected to 
. potentiometer R8-16, the center point of which is connected to the 
Ene of tube 7 ee 
SPN . | 
— 2he | The operational amplifier represents a servo system with strong 
negative feedback. 


Tube L8-5, a pentode with high gain, picks up the smallest 
changes in voltage at the center point of potentiometer R8-16 and, 
after amplification, feeds the voltage through divider R8-20, 28-21 to 
the grid of cathode follewer L8-l)jb. 


| A change in voltage at the cathode of L8-lib causes a change in 
the voltage drop across R8-17 so that the voltace et the center point 
of potentiometer R6-16 will always equal zero. “: -m example, let us 
assume that the voltage at the cathode of L8-la cecreeses; then the - 
potential at the control grid of L8-5 decreases, the voltage at the 
anode of this tube increases and is fed through divider R8&-20, R8-21 
to the cathode follower L&lb. The increase in voltage at the cathode © 
of L8-lb causes an increase in the voltage drop across R8-17 so that 

_ the voltage at the center point of potentiometer R8-16 will equal zero. 


On the other hand, if the voltage at the cathode of L8~la in- 
- ereases, the voltage at the cathode of L8-lb decreases to a correspon-— 
ding degree and the voltage at the center point of potentiometer 
~R8-16 will again equal zero. 


The range voltage in the neeeen ary scale is fed to the pilot's 
range indicator. 


‘ 


SPN - Tubes L8-6 and L8-7 form a rectifier with electronic stabiliza- 

243... ° tion for supplying VRD-2A with a d-c voltage of 28 v. Potentiometer 

es ' - R8-41 (VRD), Located on the front panel of the unit, sets the output 
a eee of the rectifier. 


Or. Construction of the Comparator 


The comparator unit is built in a box chassis, one wall of which © 


~ 226 - 
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forms the front panel. All parts are mounted on plates to provide 
OS 108). _— to the parts when replacement may be necessary. (fig. 107, . 


car © oe te housing is fastened to the chassis with screws. 
CO ons the front panel of the unit are mie aor onan: 
os il naiea's Zero" potentiometer (2-21). 
2) Range Seale" potentiometer (i-16). 
3) "Puld-oue" potentiometer (R-12). 
—h) "VRD Calibration" ootentioneter (Rll). 
5) six control points. 
6) Two terminals: "Out. D" and "Out. VRD", which can be used 


to check the comoarator poe Plea nOne channels in the aircraft or in 
eae eon eneS of Valeo 


e 
re 


ook The unit is connected to the Pnbemediate cable of the pet with 
.< the aid of a cable bara to. the comparator) terminated by a ae 
0 ae, plug *ype or. | 


ts eee eens 
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2h6. 7 XI. Control Instrument (KPK) 
50. Function 

The control instrument KPK is designed for measuring the basic 
parameters of the radar, controlling its circuits, checking range 
calibration, accurately measuring the range voltages in both modes by 
the compensation method, as well as for measuring pull-out range and 
and errors in the comparator circuit in unit K=-8. | 

51. Technical Data 
1. Voltage control: 


@ 115 v, lOO cps’: (scale 300 v) 


be + 27 v - (seale 30 v) 

Cc. & 3000 © (scale 300 v) 
de + 200 v .  (scale' 300 v) 
en. +150 v —- (seale 300 v) 
f. -150v  (seale 300 v) 


_. Measurement accuracy for all scales is no less than t 2.5%. 


2. Current control: - 


Qe Receiver crystal current —— (scale 3 ma) 

2 | b. AFC crystal current —_ (sgave 3 ma) 
/ Ce Magnetron current - oe (scale 3 ma) 
d. “Ferrite switch current (scale 60 ma ) 


Measurement accuracy for all scales is no less than t 2.5%. 


OPN . 





Ont | s . The Control Instrument Provides for: ‘ 
4 C> a, Manual gain control (MGC) within limits of not less than 
4 Os - 12 v in the "MGC" position of toggle-switch "AGC-MGC", . 
(2229 = 
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| be. Manual frequency control (MFC) by changing the voltage in the 
reflex a within limits of not more than = 80 v and not less 
than - 120 v in the "MFC" position of togsle-switch "MFC-AFC", 


- The Control Instrument Calibrates the Following Voltages by the 
3 Compensation Method: 


- a. Range voltage in mode "A" at the points: 500 m, 1,000 m 
1,500 m, 2,000 m, 2,500 m, and 3,000 m. ——— 


b. Range voltages in mode "B" at the points: 500 m, 1,000 n, 


Pg ana - 
ae m, 2,500 m, 3,000 m, 3,500 m, 4,000 m, 4,500 m, 5,000 m, 


Measurement accuracy is not less than 1m 


52. Components of the Instrument 
- The following components ane ducmdeaan KPK: 
a. The KPK instrument vroper (GN2.761.087.) 
“Ds ievasonic calibrator UxKM-1. 
¢. ‘Two connecting wires with plugs. 


_d. Coaxial T-junction for connecting UKKM-l. 


53. . Description of the Operation of KPK According to 
| Schematic Diagram (Fig. 109) | | 


The control instrument KPK consists of two basic assemblies: 


- 


a. The control board, similar to RB6-PK. —- 

b. The compensation measuring assembly. 

Description. of Schematic Diagram of Control Board 

The following set parameters may be checked with the aid of the 


: | we TRS 230 = 
| 50X1-HUM 
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_ control. board: | | 
a/ Voltage | 115 v, 00 eps 
be | ne F2tv 
or a / a 300 v 
at oe | + 200 v 
ee i" 2S +150 v 
eg, wo A180 ¥ 
og. Tha & ‘crystal current of receiver channel 
| h. TK II ° ~~ crystal current of AFC channel 
4.. TM. magnetron current 
og. Ug voltage proportional to range 
ke FAK. currents of ferrite switch 


| ‘In addition, the control board provides for manual control of | 
gain (MGC) and manual regulation of voltage at the klystron repeller — 
~ in the AFC channel. | 


The control board circuit consists of two functional assemblies: 


| The assembly for measuring the parameters of the set, which in- 
cludes the wafer switch "Mode" (V1-11P2N) and instrument IP~-1 "Mode" 
of the VA-6 type. — 


The assembly which provides for control of the set and consists 
of two toggle-switches "AFC-MFC" and "AGC-MGC" and two dividers, which 
-inelude the "Tuning" and "Gain" potentiometers. 


The parameters of the set are checked in the following manner: 


a) In checking the ~115 v, the voltage passes from two contacts 
Sh-1 of KPK through resistors 23; Rit and crystal diode D-l, under- 
going half-wave rectification, to wafer switch V-1 (a) in position 
"~ 115 vy" and thence through instrument IP-1 "Mode" to V-1 (b). From 
wafer switch V-1 (b) the "~ 115 v" voltage is applied to contact 3 of 
Sh-1 of KPK. Resistors R3 and Ry* are selected so that the full scale 


-231-) 
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equals 300 v. 


ee, 8) the "+ 27 v" voltage is fed from contact 5Sh-1 to wafer 

switch V-l (a) in the position "* 27 v" and through instrument IP-1 to 
- V-l (b);"from the wafer switch, the "+ 27 v" measuring circuit is con- 
_ nected to ground through resistors Rll and R15*. Resistors Rl and © 

RLS are selected so that the full scale of the instrument is 30 ve 


| - v) Ny 300 v" is fed from contact 16 of connector Sh-1 to waren 
| rh (a (a) in the position "* 300 v" and through instrument IP«1 
O - - e 


From the wafer switch, the "+ 300 yv" measuring circuit is con- 
_ nected to ground-through resistors 29%, RLO, and RLL. These resistors _ 
_ are selected so that the full scale equals 300 v. ae 


=. 8) "™» 200 v" is fed from contact 15 of connector Sh-1 to wafer 
switch V-1 (a) in position "+ 200 v" ana through instrument IP-1 to 
Wel (b)3 the "+ 200 v" measuring circuit is connected to ground from 
Vel (b) through R9+, RLO, and Rll. (300 v scale). | 


ot d) "150 v" is fed from contact "11" of connector Sh-1 to wafer | 

_° switch V~-1 (a) in position "150" and through instrument IP-1 to Vel (b). > 

_. The "+ 150 v" measuring circuit is connected to ground from V-1 (b) _ _ 
_ through R9*, RLO, and Rll. (# 300 v scale). | 


ye) "+ 150 v" is fed from contact "13" of connector Sh-1 to 
wafer switch V-l (b) in position "- 150 v" and through instrument IP-1 | 
to V-1 (a). From V-l (a), the "- 150 v" measuring circuit is connected 
to ground through R9%+, RLO, and Rll. (= 300 v scale). | 


zh) "TK I" is fed from contact "8" of Sh-l to wafer switch V-1 (a) 
in position "IK i" and through instrument IP-1 to V-1 (b). From V-1 (b),_ 
the TK I measuring circuit is connected to ground through resistor : 
_k-l2%, This resistor is selected so that the full scale of the instru- 
ment equals 3 ma. . , | . 


| z) "TK II" is fed from contact "9" of Sh-l to wafer switch 
_ V-1 (a) in position. "TK II" and through instrument IP-1 to V-1 (b). 
. From V-l (b), the TK II measuring circuit is connected to ground _ 
_ through resistor: R-12%. (3 ma scale). Sa oe 


| i) "TM." is fed from contact "10" of Sh-1 through resistors 

~ Rel, R-2% to wafer switch V-1 (a) in position "T,M," and through in- 
strument IP-1 to V-1 (b). The T.M. measuring cirevit is connected to 
ground from V-1 (b) . | —— ee 2 ae 


t7 = 232. 





See, ge. See | . ; 3 . we 50X1-HUM 
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251. | Resistors R-l and R-2% are selected so that the full scale equals 
, 3 Ma e / s ‘ 


—— k) 2d passes from contact "7" of connector 3h-1 to wafer 
switch V-1 (b) in position "Ug" and through instrument IP-1 to V-1 (a). 
From V-1 (a), "Wy.)" is fed through R5 to point + 195 v of divider R8, 
_ R6*, and RT. 


‘With a range voltage equal to + “195 v (range equal to zero), the | 
pointer of instrument IP-l remains at zero. At other ranges, the in~ © 
_strument measures the range voltage in volts (150 v scale). . 


| 1) "F.K." passes from contact "6" of connector Sh-1l through re- 
- sistors R22% and R21 to wafer switch V-l (b) and through instrument _ 
IP~lL to Vel (a). The current measuring circuit of the ferrite switch 

is connected from V-l1 (a) to + 27 v. Resistors R22* and R21 are. selec | 

. ted so that the full scale equals 60 ma. 


Manual Gain Control and Manual Frequency Control 


: Manual gain control (MGC) and manual frequency control (MFC) are 
aoe SeneG in the following manner: 


Dividers R16*, RL7, RL8, and RL9% are fed by ~ 150 v through | 
_toggle-switches V1 and Ve, The dividers are designed so that a vol~ | 
tage regulated from - 30 to = 120 v is taken from potentiometer R17 

(MFC) and a vovtace regulated from Y to - 12-v is taken from potentio- 
: meter R20 poole : 





a oe : , = 50X1-HUM 
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SPY 252 DESCRIPTION OF THE SCHEMATIC DIAGRAM OF THE COMPENSATTON=MEASURING 
ASSEMBLY 


The circuit of the compensation-measuring assexbly consists 
* of four functional elements: 
a) Voltage dividers R-38 + R47, from which a voltage 


‘proportional to the range is taken after each 500 m according 
to the law: © Ve _ Din: 


| b) Voltage divider R23 +R37, from which a voltage proportional 7 


| to the range is teken after 5 ma ee to the law: 


Ud= 14s-2 
v) Voltage dividers R354-R oe from which a voltage 


| proportional to the range is taken after 500 m according to 


U denon (difforone) = 3,62D un em 


g) A compensation circuit, which consista of: 


. | the law: 


ae two type VA-l6 "compensation" and "error" instruments. 
‘be switches "+," "=," "On-off," "Qoarse-Fine." | 
v. Resistors R-61, R-62, R-63, R-66, R-67, R-68.. 

ge "Error" potentiometer (R-6h). : 

a. Voltage rectifier circuit for supplying the "Error" 


potentiometer. 


90X1-HUM 
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, 4g SEN 253 SL Jf RANGE-MEASURING CIRCUIT IN MODE "A" 
4 | A voltage proportional to the range, taken by "Range" 


switch (V-6) from divider R38-R47 is applied through toggle — 


a gwttch "on-ore" (Ve8), and set rode" switch (V-5), located 
! 4 5 “ean position "A" on "compensation" instrument (IP-3). 
4 | "Coarse~Fine" switch (V-6) is set in the "Coarse" position. 
4 Set voltage flows simultaneously to the instrument through 
4 the "set. mode" switch in position "A" and through the "grror" 
4 . nstranene (IP~2). The needle of the Error" instrument must 
5 | remain at zero e | 
4 If the voltage taken from the divider is equal to the set 
- a 7 voltage, the needle of the "compensation" instrument will 
- 4 also remain at zero. | | 
: d If the voltages being compared are not equal, the unbalanced 
: = . wae voltage, which is set at the "Error" potentiometer, is determined 


# 


by the "Error" instrument. 
| Then, setting the "Coarse-Fine" switch at the "Fine" position, 
we determine the exact error, with the corresponding sign, directly 
by the "Error" instrument. | 
The "Error" instrument measures the difference in the 
compared voltages fed to it. | 
| The entédre scale is 120 meters. 


4 = ~235 - 
| 3 90X1-HUM 
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. : ; CIRCUIT FOR MEASURING THE PULL-CUT RANGE AND ERROR OF THE 
eS © COMPARITOR CIRCUIT IN UNIT "K-8" 

The determine the pull-out range and error of the comnavitos 
circuit, it is necessary to connect "Output D" and "Output VED” 
in KPK with the corresponding terminals in unit nK-8," 

The "calibration" toggle switch in KPK is set in the "ont 

. position. } : 
The "on-off" toggle switch is set in the "off" position. 

~The "set-mode" switch is set in the "0" position. 
_. Lock on a target at a range of 1000 m, and turn on the 
"pull-out" light by rotating the handle of the Sabenbioasins 
'. Read the exact value of the pull-out range on the scale of the 
"Error" instrument. | ; 

| Diit-oot == = 000m + b Snstruents 

The full scale of the instrument is 150 meters. 

Having set the "set--mode" Switch at "Cc" waeit ion: determine 
the error of the compar ator circuit in an analogous manner 
according to uieenentthe "Launch" light is lit upon locking on | 

oa target at ees of 1,000, 2,000, 3,000, 1,000, and 5,000 ms | 

In this dase » the full sedi of the instrument is 120 meter. | 

In both the ‘abowewdeserived measurements , ‘the "Error! 


instrument ‘is connected in series with the ‘present-range voltage 





: circuit. 
7 Ce | | 7 236 . 


, Pere. 

wy be td 
whe . Rose 
tpn phd. ake. 
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SPN 255, | rs | Foy fine adjustment of the VRD divider under factory conditions, 
| ‘the "set. mode" switch has the technological position "N" 
(adjustment). . 


COMPENSATION CIRCUIT 


The compensation, currentless method of measuring is used 

in this circuit. 
A It consists of the following: | 
- A "Compensation" instrument is acted upon by two volbages: 
on the one hand, the voltage taken from the divider, and on 
the other, the set voltage. 
/ If these voltages are equal, it means that no current 
“flows through the instrument, and its needle stays at zero. 

If the needle of the instrument is deflected to ane side 
or the other, at means that the voltages being compared are 
bee saual o, Then, setting the "Coarse-Fine" switch in the 
"Fine" position, we switch in the error-measuring circuit. 

In this case, "Error® potentiometer (R61) » which is euretiee . 
“ie a rectified voltage of 30D v; is connected between the 
instrument and the voltage taken from the set °. 

If the voltage flowing from the set is less than the voltage 
taken beta the divider, then the ‘switch with the " error" sign 
must be set in the "+" position. Then the voltage taken from 
the potentiomeber will be added to the voltage taken from the — 

| ~90X1-HUM 
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‘get: th : : 
. 3 y voltages a to the instrument are equalized by — 
| changing ‘the voltage at the potentiometer. 


The voltage at the potentiometer is measured by the “Error 


_ instrument, which is connected to the output of the "Error" 


potentiometer. 
_ For convenience in reading errors, the scale of the "Errort. 
instrument is graduated in such a manner that the full scale 


corresponds to 30 m in mode "Ay", to 120 m in mode "B" anda"C, " 


_ and to 150 m, in mode "0," 


5. CONSTRUCTION OF THE INSTRUMENT (Fig. 110, 123) 


Tis control instrument is made in the form of a table model 


: [an control located on top]. 


All the elements of the circuit are located on a chassis a. 
which also forms the front panel of the instrument. 


The instrument has a removable housing with a lids; the 


7 lia is fastened to the housing by two "phonograph" type locks. | | 


_ ‘There is a handle on the side of the housing for convenience 


an carrying. 


| There is a section in the housing for: | 
a) Ultrasonic dine UKKM-1, which * fastened to the 
housing by two screws; —_—e 
b) a coaxial T+joint; 
v) two leads with plugs 3 
g) A KPK instrument cable; om -HUM 


2.238 5 
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a) A ys VA-L6 "Mode" instraient 


"Mode" wafer switch. 
"Gain" control. 
"Tuning" control. 
"MGCHAGC " switch. 
NAFC-HFC" switch. 


‘panel and includes: 


A type VA-6 "Compensation" instrument. 
A type VA-+6 "Error" dae ronede 
"Range" (in meters) wafer switch. | 

"Set Mode? wafer switch. 

"On-Off" switch. — 


"Coarse-Fine" switch. 


nf+n nen tin switch. 
"Error control. 


"Calibration-On" switch. . 


. inelude: 
t% ge Sg b) 
ey : : ; 
[a . ‘ i 
r of . . 
f 
é v) 
a1 
# 
: “44 2 
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, Si 
: 
7g de 
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| _ The face panel is attached to the housing by four screws. 


- fontrols are located to the left on the face panel and 


A measuring attachment is located to the right on the face 
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3 ae GENERAL INFORMATION | 
3 1. Application 2 
: 2. Basic tactical-technical data 3 
4 3. Range-only radar assenbly 5 
| II. PRINCIPLE OF OPERATION AND INTERACTION OF 
INDIVIDUAL ELEMENTS OF "KVANI" RADAR 
h Principle of operation wa 
2+. Block diagram of range -only radar L1 
6. Functional datagram 16 . 
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- 1. Application 26 
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. a. Make-up of the Unit | | - | | 36. 
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a) “Subnodulator - : -_ ; ho Wo 
> b) Blocking oscillator | | | mm 
v) Cathode follower a 50 
g) Modulat or ; 7 53 | 
: a) High-voltage rectifier | | : 62 
« Discharge tube firing rectifier | | 6 


16. High-frequency receiver-transmitter device | 


| a) Function | : | | 67 

bp) High-frequency device | 67° 

_ w) Magnetron oscillator | | 1 

a) Schematic diagram of high-frequency head | 7h 

d) Design features of high-frequency head — | 85. 

“17. Klystron AFC | ; 87 
18. Structural design of the unit | | ‘ae 


V. RANGE-ONLY RADAR RECEIVER UNIT 





7 19. Function of unit | 107 
20. Basic technical characteristics of the unit - - 107 
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to the functional diagram 108 
a) Search mode | 108 
b) Tracking mode oo | | 119 
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a) Trigger mltivibrator _ 116 
b) Fast Sawtooth generator | | 118 
La Slow sawtooth generator | _ 127 
g@) Comparitor circuit | a 130. 
: d) Range pulse penerseon: - | : - 136 
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30. Construction of ie eres | . = | iho 
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a x 6 
IX. - CONTROL BOARD (K-6) 
| he. Function of control Soak: : 228 
4B. Schematic diagram of control board 228 
| UL. Construction of control board 231 
SPN 264 X. CONPARITOR UNIT (L-8) | 
| - 45. Function | | | 235 
46. Basic technical characteristics of the unit . 235 


47. Deseription of the operation of the unit 
according to functional diagram 236 


48. Description of the operation of the unit | 





according to schematic diagram — 238 

49, Construction of comparitor aes. oS : 243 

XI. 50. Function — 2h6 

oy Technical data . SS ~ a | | 26 

52, Components of the instruments | re | OUT 

a 53. Description of KPK according to schematic diagran. OUT 

he, 5k. Construction of the instrument es pg 
== 2h5 _ 
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& | eit ~ Nomenclature of Elements 





State National ; 7: Basic 


Pos. . Standard, VTU | Data 










Desi Normal Drain ‘Name and Type Rated No. Note 





















2-1 uBO 467 o19TU Resistance ULM-0.12-220 Ohm-I 220 Ohms 1. 





w 


2-2 -UBO 467 O19TU .. Resistance ULM-0.12-3.3 kOhm-I 3.3 kOhm 1 





R2-3 «UB 467 O19TU ~~ Resistance ULM-0.12-2.7 kOhm-I 2.7 kOhm 1 





R2-4 «UBD 467 O1STU. Resistance ULM-0.12-3 kOhm-I 3:kOhn 1 





R2-5 -- UBO 467 O1STU _—s Resistance ULM-0,12-220 Ohm-I 220 Ohm 1 





R2-6  —-UBO 467 O19TU. = Resistance ULM-01.12-4.7 kOhm-I 4.7 kOhm.~ 1 





R2-7  _0Zh0467°003TU- —Ss Resistance MLT-1.1.5 kOhm-I 1.5 kOhm) 1. 





~R2-9 © 02h0467 OO3TU Resistance MLT-1-1 kOhm-I 1 kOhm l 





R2-10 © 0OZh0467 OO03TU Resistance MLT-1-43 kOhm-II-B 43 kOhm 1 





R2-12  — OZh0467 003TU Resistance MLT-1-10 kOhm-II-B 10 kOhm 1 





R2-13  OZhO467 0O3TU —— Resistance MLT-1-47 kOhm-II-B ° 47 kOhm) = 1 





R2-14  0Zh0467 OO3TU -—Ss Resistance MLT-1-68 kOhm-II-B 68 kOhm = 1 





R2-15  OZh0467 003TU ~ -— Resistance MLT-1-220 Ohm-II 220 Ohm = 1 





; 


R2-16 © OZhO467 003TU —Ss Resistance MLT-1-4.3 MOhm-II-B 4.3 MOhm 1 * 





R2-17 - 0Zh0467 003TU | Resistance MLT-4.3 MOhm-II-B 4.3 MOhm 1” 





as 21,6 - “2 
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Basic 
rf | . Standard, VTU Data 
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Diz Normal Drawin Rated | No Note 









R2-18  OZhO467 OO3TU -——-Resistance MLT-1-4.3-I1-B 4.3 MOhm 1 





: —_ * | 
R2-19 - 02h0467 o03TU. Resistance MLT-1-4.3-II-B 4.3 MOhm 1 a | | 
nn renee 

/R2-20 © 02h0467 003TU Resistance MLT-1-2-k0tim-I1 2kOhm ol <2 — 
R2-21 | 02h0467 O03TU | Resistance PEV-10-3-kOhm-II 3 kOhm lL | _ | 
R2=22  OZh0467- 003TU henketanis miiaiades 1MOhn oe! 
R2-230zh0467 OOSTU _ Resistance MLT-2-1MOhm-II-B 1 Mh 1 | s an 
R224 0Zh0467 003TU | Resistance MLT-2-1MOhm-II-B ol se r | mee ag * - 
Eee 

i - 7 | | = —— | 
R2=26  0Zh0467 003TU Resistance MLT-2-100 Ohm 100 Ohms 1 | . : 
R2-28 0zh0467 00870 Resistance MLT-1-1kOhm-II 1 kOhm 1 
R2=29 0Zh0467 003TU Resistance MLT-0.5-100kOhm-1 100 kOhm = 1 } 

R2-31 0Zh0467 0O3TU Resistance MLT2-240kOhm-I1-B 240 kOhm 1. 
R2-32 07h0467 0O3TU / Resistance MLT-05-2.7 kOhm-II 2.7 kOhm a 

/-R2-33  02h0467 003TU » Resistance MLT-2-12-kOhm-II-B = 12 kOhm ie 

RO) ; oZh0467 oo3TU : Resistance MLT-0.5-100 Ohm-I 100 Ohm L 
. = 1 QhT - ; , & Suee 
SE aa 50X1 -HUM 
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Nomenclature of Elements 






Basic 


‘State National | 
C) {Data 


Pos. ‘Standard, VTU 
Design |Normal Drawing 








Name and Type 













| 
Resistance MLT-2-1.2MOhm-II-B ‘1.2 MOhm 


| 
i 
| / 
Rs-35 © |OZhO 467 003TU | 
Resistance MLT~1-4, 3MOhm-IT-B 4.3 MOhm | lL: 
| , m : 
| 


R2-36 _— 467 ar 
R2-37 [ozho 467 003TU! Resistance MLT~1-4, 3MOhm-I1-B 14.3 MOhm 
i t } 


R2-38 |0ZhO 467 OO3TU! Resistance MLT-1-100kOhm-II-B /100kOhm 





R2-39 Jozho 467 003TU| Resistance MLT-1-8200kOhm-I1-B820kOhm | 1 


| 

R2-40 |ozho 467 O03TU) Resistance MLT-2-240kOhm-I1-B /240kOhm | 1 
| 3 j 
| 


R2-41 |OZhO 467 003TU! Resistance MLT-2-220 Hom-II-B |220 Ohm j 1 
R2-44 {0ZhO 467 003TU! Resistance MLT-1-2kOhm-II I2kOhm 2 
i : 


R2-45 003TU| Resistance MLT-0.5-3.9-kOhm-I13, 9kOhm 1 





| 


1 R2~46 © |ozko 467 003TU! Resistance MLT-0.5~3.3-kOhm-I13,3kOhm_ l 


IR2-47 |OZhO 467 003TU 


Resistance MLT-0,5-220-Ohm-II 220-ohm | 1 | 


- . ~ : 
. 
Ne PO IPR Pp eA tr POP ct 9 
1 yA Ro tll Ney acer tt Al Ah ETE LTE LT 


— R2-48  |OZhO 467 003TU 


SEE EE Tnneanen Teena nae 


Resistance MLT-0.5-30-kOhm-11B30-kOhn l 


| | ; 
Resistance MLT-0.5-220- ae Ohm | 


Resistance MLT-0.5-3.3- koha-113, 3-kOhm eo 


_ [R2-51 |0ZhO 467 O03TU| Resistance MLT<0.5- -100kOhm-11B100-kOhn 


i al 2 an pe | 
IR2-52 |OZhO 467 O03TU} Resistance MLT-0.5-220kChm-118220 kOhm | 1 i g 
: j fe [R2-53 ozo 467 00st Resistance MLT-0.5-1MOhm-II~B 1MOhm a 4b : rs 
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Nonenclature of Elements 


Name and Type Basic Da A5 ch 
} | Rated No 












R2~S}} OZhO 1,67 003TU 


"| R2=56 OZhO ),67 OO3TU 


R2=57, OZhO ),67 0037U 


‘R2-5§ OZhO-1,67 OO3TU [Resistance MLT-~0,5~12-kOhm-II-B 12 kOhm Mt x | 


R2=59, OZhO 467 003TU = jResistance MLT-0,5=100-kOhm-II-B {100 kOhm Bee oe 


R2=60, OZhO 67 OO3TU = [Resistance MLT-~0,5-100-kOhm=-II-B | 100 kOhn 


IR2=61! OZhO 1,67 OO3TU Resistance MLT-0,5~100~k0Ohm-II-=-B 100 kOhm | 1 






R2~62 0ZhO 4.67 003TU Resistance MLT-0,5=15-k0hm-II~3 LS kOhm | L 


R2=63| OZhO 467 OO3TU | Resistance MLT-0,$~15-k0hm-II-B 16 kOhm | 1 
| | | 


R2=$);| OZhO 467 O03TU Resistance MLT=0, 5~];70-k0hm-II-B 470 kOhm ae tS 


R2~65| OZhO 1,67 003TU Resistance MLT=0, 5=12<kOhm-II-B i2 kOhm a} | 


OZhO 67 003TU —|Resistance MLT.O, 5=39-kOhm-1I-B 39.kOhm | 1 


67 














OZhO },67 003TU Resistance MLT~O, 5-100-k0hm-II-B _ |LOO kOhm ja | 
R2~68} OZhO 1,67 0O3TU Resistance MLT~0,5-100-kOhm-IT-B ibteieta 
: ~29- 0 = 


SELREF 
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R2=5§ OZhO 467 OO3TU | Resistance MLT=0.S=2,}\-kOhmeII 2.3, kOhm | 1 as | 
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400090001-4 
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fo | | - Nomenclature of Elements | 
_{pos. | State National | Name and Type Basic Date | No, chan, 
desigi. Standard, VIU, ‘Rated } 
Normal openene 





12-69) oZhO 167 OO9TU | Resistance MLT-0,5-100-kOha=II-H 100 ibn Caan 
-—- |R2=70, OZhO 467 oo;TU | Resistance MLT-0,5-2h)-k0Ohm=I1-B pale | 


7 R2-7 "we ine O87 


R272 OZhO 467 -003TU 

















Resistance LLZ-})3-20-Ohm~Li 


Resistance yrT.0, 5-36=i0hm-II-3B 






RaoT5 OZhO 167 OO3TU Resistance MLT-0, 5=);7 0-kOhm-I-B 470 1 kOhm ppd 


© eeme 


oS oa 








ok eT TB OXTHUM 
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50X1-HUM 
C eee lomenclature of Elements 
pos.; State National asic t 
desiz.Standard, VTIU Name and Type ata rated. No, | Note} chan, 
Normal Drawing | 










- |C2-11} UBO 60 OlSTU Capacitor KO-1-N-1000 | 1000 pf 












02-12} UBO 1,60 OL1TU | Capacitor KTK-0-D-100 +10% -35 


C2-13|OZhO 452 OLITU | Capacitor BGM-2-),00-0,05-II 






















C2=1)| OZh) 152 O11TU | Capacitor BGM-2-),00-0,01-II 0,01 pf 
| | . ene : 2 together 
C2—15| OZhO },62 022-TU;} Capacitor MBGP-2400-B-al~IT | L |with 
. | | 2 | C2~2 
C2-16|.0zhO 1,61 OlsTU | Capacitor KS0-8-2500-6-2000-II .- | 2000 pe tT 
fer il . ) ; 
C2-17} 0ZhO 1,62 O1LTU Capacitor BGM=2~},00-0,01-II 0.0L yh i | 
i 1c2-18] ozno 462 oo9TU | Capacitor MBGT-1000-0,S-II~ Sub CUE 
















| } | | Se oo | ar tCogether 
= OZhO 462.022TU | Capacitor MBGP-2-00-2-0.1~IT  |2-0.1 | 2 with 
- | : 2 ake ee ee ee 
oe 3 Ql = ~* 50X1-HUM- 
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Nomenclature of Elements 










| . | | po 
pos, | State National | “36 | / i note | chan, 
desig. Standard,’ VTU 

















Capacitor BGM~1—=},00-0,05~-II 


ozo 462 ate 
| p23 ono 462 any | SERRE BCM-1-100-0,05~11 
: | ; | ox ‘omno a OOLTU| Capacitor Ba -1j00-0,05-I2 | : 1 ie of. 
| eae ae : 
1, eal | 
fewer fee me | 
eet ey 
62-2) OZhO kg2 O11TU) Capacitor BGM-1-1,00-920-I1 ~ Poni eke 


1000 pf 


eer t 





Capacitor BGM-1-},00-0,05=I1 





i CHA PUT 


| | , hee + 80X1-HUM 
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Y e- Lis v 
4 I ee 

4 O | Nomenclature of Flements_— : ! 

a |pos. {State National ? aay | 

“3 design|Standard, VTU, Data 

“fl Normal Drawing ‘Rated No. | Note | Cc 

4) ‘|e2-34 |OznO 462 O11TU| Capacitor BON-2-1,00-0,01-I1 | 

2 | 





d 
ag ves | 
4 .. {e2 = UBO ie 029TU | Capacitor KO-1-M-1000-I1 1000 pf : 1 
J /- C2036 OZh), 600 cour | Capacitor KDS-la~-1000 | 1000 pf 3 L Ct 
oa . ; . 


A 
- 2 | i 


C2=37 OZh}, 600 OO1TU | Capeettns KDS-1a~1000 1000 pf 









4 - C2-38 | OZh}, 600 OOLTU | saa’ KDS-La-1000 1000 pf 1 CT - 
4 . | | : 3 
= C2~39 | OZh}, 600 OOLTU | Capacitor KDS-la~1000 1000 pf : 1 . 

, i 









: - 62-10 BO 1,60 o29TU | Capacitor coa-te2000-1 ee 7 
4 a con OZhO |62011TU | Capacitor BGM~1-l,00-0,01-IT oare}a | | | 
| 7 can OZh) 600 — capacitor KDS~1la-1000 melt 


4 7 C20):5 | OZh), 600 ca Capacitor KDS-1a-1000 3 1000 | TPT 


s] Nea e6 20 60 OLLTU | Capacitor KTK-A-M-12410% -38 © |12 pf | 1 


ipes" a . a * ‘ . a 
eat Pl AS he Ta 
pet ze Z oh: Ne 







Capacitor KD-1-N-1000-if 












2 
i 
‘ 
; 


}C2=);7 ae UBO 1,60 OL1TU | Capacitor KTK=A-M-3.9210% -39 


| : 3 


~253- — 60X1-HUM 


CHCNET 
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ea 
—. 
CQ } ae _Nomenclature of Elements... = 
| | State National | asic D: | 
pos, Standard, VTU, i Data | 
design Norm _Drawing _ Name and Type Rated ‘No. 
E | : a 
2uh9 ‘UBO 460 OL TU | Capacitor Perera 6 =39 ul pf | Ll 
te ad oe , | 
C2- so Bo 60 ¢ OL1TU | Capacitor KTK-AeM-),7£20% ~3f h? pf | 1 
| 
| 02-52 | onto si O11TU  Copacitor BOM=2=),00-0, OL-II 0.0L, 2 4 
Coec2 ozno 1,62 OLITU | | ree BGM=1=};00-0,01-II 0.0L ye 
| 


= 
: 

| C2253 me 1,62 OLLTV | Capacitor BGM~-2—},00-0,01-IT 
| 2 
| 


—1C2=5);, ‘UBO 1.60 oLaTU Ceci KTK-A-M-1C210% ~38 | 10 pf 1 

7 caus ano 462 OLITU Capacitor BGM~2-},00-0,01<II : 0.0L ‘pf i 1 

“34 - \cons6 ano 462 OLLTU Capacitor BGM=2~];00-0, OL=II | O,0LpE. | 1 
- ge oe | 

| | ml OZhO },62 c0amy Capacitor nae eee | 2.05p£ 1 

| al : UBO ),60 OL TU Teapactto KTK-A-M=27210 $38 127 pf L 

ce - UBO ),60 O02TU amu Capacitor KDS-la~1000-IIT | 1000 pf 1 

| 2-60 UBO 460 oo2Tu W | Capacitor KDS-La-1000-I1r | 2000 pe 1 


C2 ‘cena! v UBO },60 002TU 





: 
it er ge 2 wel aot oe Perri 


ee rer aes | acrennerpr me ccs Raina ymin 1 aa 


I. i | , | 
| ‘one: | UBO 1,60 O02TU [Capacitor KDS-liae1000-11F 1000 pf | 1 
O C2-63  UBO 460 O02TU Capacitor KDS-3a-6800-IIZ 6800 pf | 1 
i - 25h o- 
- SECRET 7 














Note ch 


Capacitor KDS-la-l000-I1T = {1000 pf |1_—s| 


| 


; 


| 
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4 e | _______—(Nomenclature of Elements 


i Basic 


: : ! Data | 


| 


re 0ZhO 1,60 oLuTU Capacitor BGM~1~},C0-0,05-II 


GUCh 777 OOWSP|Choke , Geil filament, D-2 ee 5 ph 


Induction, Sph 






Induction, Toh 








Choke De0.1-);50-+-h 5% 
| 'F 


aM 


2-10 | GUCh 777 OOLSP 


a 
Oo 
ee } 
pS 
~~ 


| | | 
ea GUCh 777 oonsP| Choke DaOehn5 pe ht5 % 
~~ 4H : { eS : 








sc | 4 | 
fd | peas euch 77 001s Caoke D-0.15-541 hts’ Sth [1 | | 
- 255 - = 
ro al at | : ss . - 5B0X4 ‘HUM 


t péclascified in oe sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030400090001 -4 





1-HI IM 
_ Declassified in Part - Sanitized Copy Approved for Release 2 2013/01/25 - CIA- RDP80T00246A030400090007 -4 ; 


DM 








oe ee oe 


i 








yf | aoe . 
pos. [State National | 'B wate | i 
_desig,|!Standard, VIU, Data | | 
“Normal: ‘Drawing "Name and Type Rated iNo. Note ich; 

_ £ - 

| os 

_ .{L2-13 | GUCh 777 OOLSP|Choke D-0.15-5,1 his 7 Se ph iy 

i 










{ | 


L2~1), GUCh 777 OOWSP |Choke D-C,15-5.1-phts/ 








i.e ney one 


[B21 | GUCh ‘777 001 Choke D-0,15-5.1-h 257 


5 -1hh 





12-16 |cuch 777 OOLSP 








| Choke D-0,15=5,1 Hh =s/ | Sel ph 


{12-17 | GUCh 777 OOLSP) Choke D-0,15-S.lph te7 
ce | 

















a eas euch ind 003SP Choke, Pilanent-1.2-5810f, 5 ph a 
: Penns] as ARS0=2=52-000 ‘Choke PiLenont-0.6 bh 0.6 ph 1 
ae es GYaCh 777 ces? Coil, Induction-l, 6 Hh _ {266-Ph | 1 | | 
p2n24 GYaCh 777 009s Coil, Induct,-2.8 #h | 2.8 Ph : 1 
r2.22| GUCh 777 0035P E Choke »RF-D-0, 15-20 EP 20 yh 
223 GYaCh 775 75 cas Coil, Induct, 2.8 yh oH 
_ rea F =m | Choke ’ Charging 
oy 
: 25) GUCh 117 OOLSP ‘| Choke D=0, rae thio/ | | és ph 1: ! 
7 | me GYaCh 770 001 SF neanarenneys RF . | : 1 | | 








~ 256 - 


evrpriem 
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‘m3 
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4 © a ~IState National 
pos, |Standard, VIU, 
desigNormal Drawin 








a Tr2~3 |GYaCh 720 OO0SSPi Transformer, Impulse 44 


a 
a , , t 
Bo eh. Ne | : a Ee 
q . |Br2~), |G¥YaCh 712 003SP/ Transformer, BF | 1 | 


qa 00 - Tr2-6 |GYaCh 710 O68SPi Transformer, Filament | | L 


nui 


| 

Tr2eS5} GYaCh 720 O26SP Transformer, Impulse ._. : ; 1 | 
: { 
‘|Tr2-7 |GYaCh 710 OO4SP| Transformer, RF | 
| i 


i pr2e8 


apatite (er tetentete Hn teat NAM rarer seca tte Se! stew 





GYaCh 770 a3se Transformer, RF 
i 


| 


=: 4 
7 sani b TU-9575 i Transformer 





7 | | 
: — nr2nag GYaCh 71) 036SP Transformer, Anode Filament by ja | 


t 


: Kalo \ea0asy Capacitor KS0-8-2000-B-})300-I 


7 c2n68 OZhO )6-10-1 , Capacitor KS0-8-2000-B+1,300-1 ! 4300 pf | 


c2=69 OZhO 16-10-1,57 } Capacitor KS0-8-2000-B-1,300-1 : 2 


4 ae 02hO Yeaoasny Capacitor KS0-8-2000-B=},300-1 


! 
eat ango-2-59-000 | Pulse onepine Line | : | | | 1 
| | 


| 
l 
| 
| 
} 
| 
fs , F wea 
- | ad et Heater of Discharging tube (he 


i. jel 1RM2-21-000 | Saaiieal . . Poo Pay - 
4 l ah i el hd ee Se 
= 257 = 


Sorannm 
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O Noctis: ae Nomenclatu 
|Pos, {State National | i 
desig|Standard, VTU, | | cena 
Normal Drawing Name and Type ‘Rated. No. Note h 










| LF2-1 Electric Motor DeS — 








| 12-8 13-17-05 Spark Discharger R-1 


| L2=9 | VChTU06~609-51| Magnetron MI-158 _ * | a] 
— |L2-10 TS3-3l1-000TU | Gas Rectifier TKh-2 ; a 


12-11 YaTQ332-032TU | Clystron K-27 


C> 1-12 





: A 
YaIg332 o02TU-5 Discharger R&®21 


SESKE? 
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Name and Type Rated No. Note ch.| — 
L213 euu-2-102-53 Discharger RR-50 : co . 
-15 |chtU0e-300-57 tube so-59 Hp - 
01317-57TU_ 
2. , bs ay 


£2-21 | ChTU-OL-LOg-s¢ 


~~ {State National 
pos, |Standard, VIU, 
des, NormaY Drawing 
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ChTU-01~103~ 55 Tube 6Zh 1p 







ChTU-01-103-55 | Tube ézmp 







9 | chrv=c1-108-55 | Tube 6Kh2P 
| | 




















TS3-301-O00TU | Tube 6N3P 


Tube 6N2P 





F2-1 |GUZ 51,0 OLOSP | Plug-and-Socket, RF, VR~1O 





GYaZ 5,0 O18 





F2~2 









|Plugeand-Socket Transition 





: — | | 
2-3 — 540 OO8SP |Plug-and~Socket, RF 


); | cuz 5),0 OO8SP 


y a. 


Plug-and-Socket, RF 
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F205 GUZ 51,0 OLOSP | Plug-and-Socket, RF, VR-8 


| - | 
O F2-6 ous 54,0 OLOSP | -Plug-and-Socket, RF, VR<8 
; os 
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|r2-7| Graz 50 020 | Plug-and-Socket, RF, 


| KT2<3 T-1°12 61 ~—s«| Control Point 


} 
{ 
© | 
1Sh2= s88-2-75005 tn ug, 5<-Pin Plug | 
i 
] 
7 Sh2— ARL8-2-72b03 Receptacle ’ dion Daiiibantis - 


| p21 orv-oy-110-87 
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KT2-1 TU-.12261 Control Point 


si TU-121 62 Control Point 


VLO-36h-o06¢0" Fine RGChOPL7NSh1 
GYazZ 695 oo1SP Ping ll-Pins Plug HE 


= GYaZ 695 oo1sP Receptacle, 3 li-Jack meCee ote 


V2—1 VR=602-O01SP- joith ti 








Crystal Sokevene: DGS“&N 


D2<2 (Gri-o1-120-57 | Crystal Detector DGS-N 


beng eae | Grystal Detector DGS-¥o0 | |}, | 


‘ peek }U-0)-110-57 Crystal Detector DGS-V i sit” PT Py | 


= 260 = 
aanankim | 


S0X1 -HUM 


| ryeelaeaificd in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T002464030400090001 -4 


50X1-HUM 
reclassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 


er 








4 O | _ _ Idst of Elements 
3 | (State National 






‘Basic 
: Data 
Rated No./ Note,! ch 
i : Lch, 
pe hts |} Tt? 


’ | OZhO~},67~003TU | Resistor, MLT-0,5-150 Ohm=I {aso Ohm ae e a 

: | 

ca . 

Re3=2 | OZhO-),67-003TU | Resistor, MLT-0.5-150 Ohm-I 150 Ohm pale 
R=3-3 | OZh0-),67-003TU | Resistor, MLT~0,5=220 Ghn=Z. 220 aie ous 


Standard, VTIU, 
Normal Drawing 









Name and Type 








R=3=)) 3 o7n0-N67-00300 Resistor, MLT<-0,5-3.9k0hm-I 


m5 | 0zh0-167 -093TU | Resistor, MLT-0,5=3.3kOhm-I 3 3k0hm TP | | 
ape ieen at 
| : sae Resistor, neers —  15.1k0hm et | | | 


R-3-10 tiebhiicouein Resistor, MLT~0,5-220 Ohm-1 220 Ohm a _ 
















Ra3-12 O2n0-\67-003TU ‘Resistor, MLT-0, So5 -1kOhn= ¢UcOhy 
O | BS ata Resistor, MLT-0, 0.545, 9kOhm-I 3. -Ok Oh 1 ve | 
? Speed ehencncs arene 
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OZh0~1,67-003TU ‘Resistor, MLT=0 05-3.9KOhm=IC; 13. a 1 aa | 


| 
Re3—17 | | 
edie cae | 

i | i 

Re3~18 | OZh0~},67=003TU: Resistor, MLT-0,5=5,1k0hm~I -§.1k0 1 apf 
| ; 
: ; 
! 
| 
i 






















ReZ0l9 0Zh0-1,67-003TU Resistor, MLT-0,5-220 Ohm=I : 220 Ohmi 1 pf 4. 
R=3<20 | OZh0-),67-003TU ‘Resistor, MLT+0.5=5.1kOhm-I = | §,.1kOhm! 1 
ES 

i B 

Ra Fn22 | OZhO-1,67-003TU Resistor, MLT-0,5=12k0hm-I ! 2 kOhm! 2 Z : 
3 Bo ! e 

: UR 

Bo323 AT Oa ‘Resistor, MLT-1<9.1 kOhm-I 9,1k0hn! 1 | : Ls | 
| | Og 

RaZ—25 “Oah0=467-00570 Resistor, MLT-0,5=3.3kOhm-I. "3. 3iOtmm| 2 Ce ete 
Re 3—26 ! OZhO~),67-003TU Resistor, MLT~0, 5-22k0hm=I 90 ae | i 
: . | L Y 

R 3-27 : 0ZhO-1,67-003TU Resistor, MLT-0,5~680 Ohm=I ‘680 Ohm | | : 
3 | ) | . 
(Re 3~28 | OZhO=1)67-0037U | Resistor, MLT-1-1.6 Obm-I 1.6 Ohm |1 f 
: A 

| | 3 3 

/ 02hO-1,67-003TU Resistor, MLT-O, ens 4)30k0bm . 

& 

| 

_ | 0ZhO-))67=003TU Resistor, 1 MLT-2-220 OhmeI y 





7 | | 
i. Re FoF] |0zh0-1,67-00310 Resistor, MLT-0 .5-680 Ohm=I 680 Ohn 


CO R-3-33 | OZh0-),67-C03TU ‘Resistor, MLT-o .5~220 OhneI 1220 me | E 
scsi |02h0-1,67-003TU Resistor, MLT-1-2=40hm-II PCL : 
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4 | Desig. (Normal Drawing Name and Type Rated jNo.| Note | Ch, | 
a re - R=3=35 (0Zn0-),67-003TU Resistor, MLT#lel0kOhm-II 10k0Ohm | 1 






2m | ae : 
2 8 3-36 0ZhO~),67 -003TU Resistor, MLT~1-62k0hm-I 


a | 

Qa p31 fono.yercosty Resistor, MLT=-1-33k0hm-II ([33k0hm |1 
a : B-3-38 mnon\er-oo3m0 Resistor » MLT=le1S. MOhm-II 15 MOhmi i 
1a . ! 


a | ! 
an - 0ZhO=|,67=003TU Resistor, MLT-leS,IMOhm-II 'S .1MOhm| L — 


. oe oc beseetad 






ealator 3 MLT~-1-12MOhm-II 


Tee gd ae foe oe ew 7 Set: 
ay, ithe ‘ee hand _ ae a eS a! “ny 
part ih pe Bee Sn, oa Ca 


* eae 
= ao, FA 


d ‘ 
ae as. * 
Se AA pooh cars 


: ig sedi? MLT=~1-62kOhmeII = 
om paronsr-oostu he esistor, MLT~-11-6, 8kOhm-IT 

4 peaks pmo-tsracosmu esistor, MET=1-1,30 Ohm-IT j30 oma] | 

’ j _— Resistor, ae. | 7 srocom }2} | 

[oe facean fincas pam) || 
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| State National Basic | 
Pos, Standard, VTU, | Data 
poets: Normal Drawing Name and Type Rated |; aoe oh 


R-3-50 | OZhO-,67-003TU |Resistor, MLT-1-68k0hm-I com 1! 





RaZ=S1 | OzhO-y67 -003TU ; Reatauer: MLT=1-680kOhne2 } 680k0hm| 2 


Ra3o52 | OZO~1,67-00370 Resistor, MLT~1-330kOhm-I1 | 330k0hm 
Rn3=53 | | ozti0=i68-c030 Resistor, SN-le2anl ,2A=13 1.2k0hm aa 4 
R35) |  oznoui6t -003TU 


R=3255 | OZh0-),67=003TU | Resistor, MLT-l-470ekOhm-IT ! )70kOhm 1} ee eed 
4 } lea Ko 


Re3-56 | VPlm675=COLSN Resistor, PI-0,5-6,2 kOhn*2 * jesse a} || a 


1R-3=S7 | VPh-675-O0),SN 


VP=675-00)SN Resistor, PT=0,5=2 kOhmtl% | 2k0hm 


[R63 259 | VPl~675-00),SN Res , PT=0,5-1 kOhmtl % | 








Resistor, MLT-0,5~1,5k0hm-I !1,Sk0hm {1 | 





iRa3-68 


SS Rite Dea aOR ey Ri TE te tat 





TCT aR eg, RP a Oe 


R=3<60 | NGKh)-685-OL8SP Resistor, PP3-1T-20k0hm-II j20kOhm [2 


¥ 
{ 


3-65 NOR -665=0285N ee PP3«II~10-kChm-I | b ccc 
i 


a AG et Ge ae gre steals id oe etait. ON: Aad Rane ee 
= 1 


oo 





R=3—66 'WPlx675-00)P - Resistor, PT-0,5-6.8k0tmt1% 6. 8k0hm } 


no OZh0-1,67-C03TU Resistor, emieiiets kOhm=-I [15 kOhm j} 


ee Aaa 
A A ee ET BP a CN Ss Bah Nits Sty a tere 


aT EEE ee iret Garretts tity alias Sint Ute pie 





i 
| 
| | | 

R368. OzhO-1:67-003T0 ' Resistor, meen kOhm=IT Pol kOhm j 1 | | 
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1a ° 
% 

* 

Ta 

; 

8 

3 

: : 
4 jG) 
5S . 
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“Re3-72 GYale675=009 Resistor, PT=I~P=82 kOhm*0,% 82kdtm 1 


| Re3<7h, OZhOnl,87-003TU Resistor, MLT-T-680 kOhm-II 680 kOhn 1 
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e. 
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R=3=69 OZhO-167-003TU Resistor, MLT=2-};.3 kOhme-l 1,3 kOhm 1 





— Re3-70 OZhO-1,67-003TU Resistor, MLT-1-560 kOhm-I 560 kOhm 1 








R-3=73 GYal-675-009 - Resistor, PT=IM=82 kOhmt0,¢% 82 kOhm 1 





7 i 
, + . 



































. | RA3“75 VPy=675-00)SP . | MiT==1-30 kOhmtl% 30 kOhm 2 
ie ; _ R=3=76 OZhO-1,67-003TU MLT=I-10 OhmeII 210 kOhm 1 
| - Re3—77 " ss MLT“1-2) kOhm-II 2h; Ob 1 
R=3=78 = a . “MLP-I-10 kOhm-iI 10 kOhm 1 
“Re3+79 | | " - n MLT-I-2,), kOhm-II 2.) kOhm 1 
| R-3=80 * * MLT-I-39 kOhm -II 39 kOhm = 1 
R-3-81 " wv MLT=I-100 kOhm-II 100 kOhm 1 
R382 © MUP=T-100 kOhm=IE 100 kOhm 2 
( Re3 283 oe : * HLI-1-68 Koha 68 koh 1 
eS "  MUT-I-100 kOhm-II 100 kOhm 2 
) | = 265 - 7 
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State National . asic 
Pos, Standard, VTU, Data | 
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_-R=3-86 0ZhO~1,67-003TU Resistor, MLT-I-100 kOhmeII 100 kOhm 1 


— Re3@90 . . MLT=I=1;30 kOhmeIT 





R387 "  MPeT=68 kOhm=II 68 kOhn 1 





Ro3=-88 ” | . MLT<-0,5=1.2 kOhmeII 1.2k0hm 1 


R=3=89 n " MLTeleS,1 kOhm-II 5.1 kOhm 1 





430 kOhm 1» 


- ‘R391 Z MLT-2-20 kOhm-II 20 kOhm 1 
7 R-3=92 ; 4" MLT~I=3,0 kOhmeII 3,0 kOhm 1 
4 a R-3-93 7 a MLT=I-510 kOhm=II 510 kOhm 1 
| | R-3-9, n MLT=I-3,0 kOhm-II 3 kOhm 1 
a wr MLT=I-2.0 kOhm-II 2 k0hm 1 

Oe ©: n MLT=2-100 kOhm-II 100 kOhm 1 


_R-3-98 a oo. MLT-I-220 kOhm-II 220 kOhm 1 


R99 8 —- MLT=T=S10 kOhm-IZ S10 kOhm 1 


R-3-100 8  # META2-22 kOhm-II = «22 kObm 1 


% 


R=3-LOL a = MLT=-1=-100 kOhm-IT 100 kOhm 1 3 


3 = 266 - 
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AO : ___ List of Elements _ 
od : Pos, State National Basic a 
“|. Pos, — Standard, VTU, — Name and Type _— Data | 
4  . Desig. Normal Drawing _ 7 Rated No. Note Ch, 
-»  -Be3-102 0Zh0=167-003TU Resistor, MLT-I-200 kOhm-II 200 kOhm 1 
- een eane Sees ect sheen essev~siesseunstnnanramsaaneenpsguapentagen . A | , 
—  ReBL0B MLT=I-100 kOhm-II 100 kOhm1l 
no MET T=136KOhm-IE-139k0hm 1 oo 
" ReZe105 8 n  MLT=I-1,0 kOhm-II 1.0 kOhm 1 | 
SEL ReBe106 8 n - MLT=1-820 kOhm-II 820 kOhm 1 
{0 ReBelO7 " -MLT-I-68 kOhm-IT. 68 kOhm 02 
©) Re3+108 wo " —- MLT*I~100 kOhm-II 100 kOhm 21 7 


Ue aye! a. . oh 8 
Steg tgs “ 
v4 wig fabs gy aed ! yes 
4 bs eh a xt, 3a aS 1S Pas 
Bie SoA) tak ikea ted leer cc Sack 


. he e 
en soy ts 
ne Bae th ad 
a E a is 





ReBe209, Hm 39 KeOhmeIT © 39 kOhm 





| Re3-110 " MEP T=610 kOhm=II S10 kOhm 2 


ede ee Tey z 


? ReZe111 rm on MLT=0,5-12 kOhm-II 12 kOhm 1 








a 





4 gee om ™ MEPT-510 kOhm-II S10 kOhm 1 
R-3-113 NGKh)je685-O18SP 8 PP3TT-20 kOkmaIT 20 kOhm 2. 
R-3-11h, 0ZhO-567-00370 , - MEP-T~1,1 kOhm-I 1,1 kOhm 1 | 

RBS ro, MEPY-300 kOhm-I 300 kOhm 1. 

| a ge: ". MLT~1-2,0 kOhmeII 2,0 kOhm. 1 — 
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tate National Basic 
Pos, Standard, VTU, Data 


Desig, Normal Drawing Name and Type Rated No Note Ch, 


R=3-118 OZh0-,67-003TU Resistor, MLT-I-1,0 MOhm-ZI 1.0 MOhm 1 





oo Ree19 i Resistor, MLT=I-150 kOhm-I 150 kOhm 1 








- -Re3012300—~—«<“‘(O es ni MLT-I-1.0 MOhm-II 1,0 MOhm 2 





—Re3e124 0. " MLT<-£-300 kOhmeI 300 kOhm 1 





es RaFa125 " ott MLT~-J~-27 kOhmeI 27 kOm = il 





R316 , #  MET-1-560 kOhm-I  -s- $60 kOhm 1 





 Rgep ot ‘m  MLT-1-200 kOhm=I 200 kOhm 1 





 ReQel28 8  &  MLT-I-200 kOhm-I 200 kOhm 1 





is dpugsaes 0 ; t  MLT-1-6,8 kOhm~-I 6.8 kOhm 1 





R3-13 0"  MEB@T-100 Obm-TI 100 Ohm 1 





R3-233 *  MELTAO, Ge? KOhmeIT =? KOhm 1 





R313 OT | t = MET-T-Sl kOhmeII Sl kOhm 1 





R-3-137  ™ ® MLT-I-82 kOhm-II 82 kOhm 1 





R3-138 8 " - MEPOT-6,8 KOhm-IT 6.8 kOhm 2. 





- 268 « 


COST ALY Ti 


50x11 -HUM 


" ecassiiéd In Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 





_ Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 ° 


0 














50X1-HUM. » | 











List of Elements 


| State National . Basic 


Pos, Standard, VTIU, , Data 


Desig. Normal Drawing Name and Type Rated No, Note Ch, 


_- Re3=139 OZh0~1,67-003TU Resistor, MLT-I-150 Ohm-II 150 Ohm ‘ cn — ec 





BAO uw  MLT-I-68 kOhmeII 68 kOhm 1 





Re3-1))1 om n - MLPT=3,3 kOhm-II 3.3 kOhm 1 





R=3<1))2 | * © MLTT-610 kOhmeII 910 kOhm 1 








 C3eS —- TeT-0Zh0~1,60-001 Capacitor KD0-1a-1000 1000 pf 21 





3 7 OBL " mn - KOl-N~1000-11 : 1 





C342 TUT -0Zh0~1,60-001 fr KDS-1a-1000 ae 1 
ies ; e . ss eee EET ee AIT | = = ‘ : —e | 
| 63-3 | 6: | ‘ z t 1 gg ad 


: ee . oo + 


: . ; C3=); a tt ; th tt | nt iL 


é 7 | os ca : as, : 


" C3e6 — TUeT-0Zh0-1,60-001 "== Kwa 000-1T we as 


C38 mn  -MPSela-2000 
. ‘ . $ : SS = on " am : , 7 


-. C309 .. | or a t « gor 3 : ae 1 


C310 = = * =H Setaeto00 


C3-11 . ; ° : ; on . it : oo oie ot a tL 


. . : 5 ol rl 
A “A : : ‘ . LIB oy ot : 
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list of “Jements 


, State National | Basic 


Data 


oe Harnad Drawing | | Name and Type Rated No, Note, Ch. . 
3 a 5 6 ( 


* 03-12 “‘M-I-0Zh0~¥60-001 Capacitor, KDS~1a-1000 1000 pe 1 © _ 


C3~23  UBON62-017TU = tt BGI-T-1-680-V 680 pf 1 : 
C3-24%  TU-I~0Zh0-460-00 =" KDS~1a~-1000 1000 pf 1 


: ‘ 
‘ 
: ve “ue 
- ’ ' ‘ 
. 
. , : 
, . ' ’ 
; e P 
, 


C3e15 att tN f1 fn 1 — | 


Fe, C3e16 | fl ‘ ‘ " 1 
ain + eee ene eens ente eee ene ; | | 7 
C317 UBOWK62-017T0 Hn © y wes 
3B eT-OznOGO-001. a. 1 a 
03419. TU-T-0Zh0=460-002 hoa me vee 


03-20 .. we 3 2 mu 8 | oe . . 1 


‘ 
. + ’ 
. . ‘ . 4 5 > 
2 ® » 
- & mr ; 7 
X 


C3-21 me n 1 


C3-22 TU-I-0zh0-460-001 ®t 4 


3-23 OZh0-#60~014TU " ss KTKulm=5 pf-I 5 pf: 1 Select, 
C3424 TU~I~0Zh0-460~001 n" ss KQw1k=-22 pf-IT 22 pf 1 | 
aye ee 4% , ae ’ : 


C3-25  TU-I-0Zh0-460-001 " ss KDS-2a-1000 «1000 pfs. 


- | 2 | : 50X1-HUM 
| °°C3-27 = 0Zh0-460-014TU : KTK-1Im-27 pf 3 38627 prolCll 


ay), ae / 
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C3-28 = 0Zh0~462-011TU Capacitor ,EGM-2-400-0.01 mf 0,01 pf 2 











0329 | "  -BGH-1400-0,01-II 0.01 pf 1 
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GENERAL INFORMATION ON THE RANGE ONLY RADAR 


Lg ose of the Renee 





Radar, Principles of | 





The "van . range only radar is intended for placement in line jet 


fighters and may be operated either in conjunction with the optical 


| sights ASP=5N, ASP-5IM, and ASP=-5NYe or in conjunction with the VRD-2A 


effective range finder ve provide a successful firing of the ie air- 


| to-air homing rocket. . 


The radar provides an automatic and continuous determination of 


_ the range to the target and of: the rate of approach to it. 


The "Kvant" radar is used in two modes: 

Mode A “- Firing of guns and of unguided rockets. | 

The radar. continuously feeds to the firing sight computer & eeteaee 
proportional to the range and to the relative velocity of the target. 

Mode B -- Launching of the K-13 air-to-air homing rocket. | 

In this mode the radar provides: 

a) The determination of the present ‘range to the target and feeds 
this information to the firing range indicator of type UD-l. | 


b) The automatic comparison of the present range and the effective 


ed range for the K-13 rocket and signals the effective range (oy 


Lighting the green EFFECTIVE RANGE signal lamp). 
c) Sane as ‘on the attainment of oon neneenene range > (oy ‘Lighting 
the red PULL Our signal Lamp). 
The. range only radar is installed on jet fighters and ae various 


aircraft equipped with proper waveguides and connecting cables. 
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oo 
| The operation of the range only radar is based on the principle 
| of automatic measurement of the time interval between the instant of 
: transmittal of the high frequency pulse from the transmitter and the 
, instant of its reception after reflection from the target. The range 
“unit measures the time shift of the signal reflected from the target 
: | : relative to the instant of transmission and generates the range volt- 
! age proportional to the distance to the target. 
| By differentiating the range voltage, a voltage proportional to 
, | the relative velocity of the target is obtained. | 
| | @e Range Only Radar Components | 
: | The range only radar of the MIG-21F fighter consists of the follow- 
eN ; _ ing COMPORERLS': | | : 
> / : 
| _-—-s«&): combination receiving and transmitting antenna with a waveguide 
Channel GYa2,060,054 (fig. 1) | 
| | bd) RB6-2M transceiver unit GYa2,000,024 (fig. 2) 
a - c) RB6-3 receiver range unit GYa2 ,003, 602 (fig. 3) 
3 d) RB6-4 power supply unit GYa2 087,004 (fig. 1) | 
| [ip 4]. - e) RB6-5 velocity unit G¥a2,003,005 (fig. 5) 
| : | |  £) K-6 adjustment panel GYa2,761,031 (fig. 6) 
: | &) K-6 comparator unit GYa2,089,012 (fig. 7) 
h) KeK interconnecting cable (MIG-21F) GYah ,853,165 (tig. 8) 
| i) KPK control panel GYa2,761,037 (fig. 9) 
; | j) coaxial cables GYal,850,135 -- two pieces. 
: . One KPK control panel. is furnished for every five units of the set. 
| . 
a 
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Sh 3/21 | Sh 7/ 


Cs: ae | 


from to 
Sh 1/1 | Shu/t 
Sh 1/2 Sh l,/2 
Sh 1/3 | Sh bb/31 
Sh 1/h | Sh 4/32 
Sh 1/5 | Shh/3. 
Shi/6é | shhyfy 
Sh 1/7 | Sh 3/11 
Sh 1/8 Sh l,/26 
Sh 1/9 Sh 5/7 
. Sh i/l0 | Sh 3/12 
' $k 1/12 | sh3/15 
— Sh 1/13’ | Sh 7/27 
gm ON 1/14 | Sh 7/28 
Osh 1/5 | sn 5/18 
!" Sh i/lé | Sh 4/13 
/ Sh 1/17 | Sh 3/23 
Sh 1/18 | Sh 5/12 
Sh ae Sh We 
Sh 1/21 ! Sh 7 
Sh 1/2) | Sh att 
Sh 1/25 | Sh 8/5 
Sh 2/L | Sh 3/2 
Sh 2/2 | Sh 3/6 
Sh 2/3 | Sh 3/4 
Sh 2/h | Sh 3/5 
Sh 2/5 | Sh 3/7 
Sh 2/11 | Sh 3/8 
Sh 2/12 | Sh 3/29 
Sh 2/13 | Sh 3/2h 
Sh 2/17 | Sh 3/16 
Sh 3/1 | Sh 7/2 i Vv 
Sh 3/3. | Sh 8/4, 
Sh 3/u | Sh 7/11 
Sh 3/5 | Sh 7/5 
Sh 3/6 | Sh 7/ 
Sh 3/8 2/17 
Sh 3/10 | Sh 2/6 
Sh 3/12 | os 7/21 
Sh 3/20 | Sh h/8 


4/9 
7/4 


| 
| 
i 
| 
| 


. 


make and 

_{ieross section length 

of wirg in 
Tim 


VPAL=0.53 
VPAL~045 3 

MGVE=0.5 | 
MGVE-0.5 

VPAL «0.35 
VPAL «0.35 
VPAL-0. 35 
VPAL 0435 
MGVE-0. 35 
VPAL~0.35) 
MGVE +0. 35) 
VPAL-0.35! 





MGV E~0.35 
VPAL -0.35) 
PPAL-0.35 
MGVE 0.35) 
“VPAL ~0.35 
‘NGVE 0.35 


MGVE-0. 35) 
VPAL w() 05 
MGVE~0.5 
MGVE «95 
VPAL =O. 5 | 


_ VPAL -0235) 


VPAL =0035 
VPAL -035 
MGVE +0. 35) 


VPAL ~0, 36) 


MGVE~0.5 

MGVE -0.5 | 
MGVE -0.5 | 

VPAL «6, 35) 
VPAL ~0. 35 
VPAL: Oe 35) 
MGVE «0.35 
VPAL =0.35: 
MGVE -0.35 
VPAL ~0435 


1150 . 
1050 | 


1050 
1050 
1150 
|__950 
1200 
950 
950 
950 
1050 
1050 
950 
1650 
950 
1550 


950 





| 


i 


Table of Wire Connections 


from 


See ae a EN EE TT elt NESE Fe 


Sh ,/12 
Sh 5/1 
Sh 5/2 
Sh 543 











to ross section length 
of wire in 
mm 
| 
Sh 8/12 | MGVE#0.35 | 1350 
Sh 8/1 | VPAL-0.5 | 900 | 
Sh 8/2 | MGVE-0,5 900 | 
Sh 8/3 | MGVE-0.5 900 | 
Sh 8/12 | MGVE~0.35 900 
Sh 8/4 VPAL +025 | 900 
Sh 8/25 | VPAL-0.35 | 1200 
Sh 2/7 MGVE~0.35 | 1150 
Sh 2/16 ; MGVE-0.35 1150 
Sh 2/15 | MGVE-0.35 | 1150 
Sh 8/17 | VPAL~0.35 | 900 
Sh 8/14 | VPAL~-0.35; 900 
Sh 2/5 MCVE-0.5 | 1150 
Sh 8/7 | VPAR-0.35! 900 
Sh 8/16 | VPAL-~0.,35 900 
Sh 2/1, | MGVE-0.35/ 1150 
Sh 3/27 | VPAL-0.35 1050 
Sh 3/28 | VPAL-0.35 ;} 1050 
Sh 8/1 VPAL -0.5 1050 
Sh 7/1 | 
Sh /? VPAL ~0.35 | 1350 
Sh 3/2 yeecoepe 2 | 950 
Sh 8/2 MGVE «0.5 1050 
Sh 3/5 MGVE -0.5 | 950 
Sh 7/10 | = 
Sh 3/7 | MGVE-0.5 | 950 
Sh 2/10 | MGVE-0.5 | 900 
Sh 8/3 MGVE=0.5 + 1050 
Sh 8/8 VPAL =0635 ; 1050 
Bh 4/17 | VPAL-0.35 | 1500 
Sh h/6 | VPAL=0.35 1500 
Sh h/7 | VPAL-0.35 ; 1500 
sh L/3 | VEAL 013¢ | 3200 
Sh l,/10 | VPAL -0.35 | 1500 
Sh )/11 | VPAL-S0.35 | 1500 
Sh h/13 | VPAL -0.35 | 1500 
Sh 8/7 | VPAL=0.35 | 1050 
Sh 8/13 | MGVE -0.35 | 950 
Sh 8/1; | VPAL~0.35 | 1050 
Sh U/l | VPAL -0.35 | 1500 
Sh 3/19 | VPAL=0.35 | 950 
Sh 1/1 | VPAL -0.35 | 1250 
| 50X1-HUM 
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MGVE-0.5 
 -VPAL~0.5 | 
 MGVE-0.35 
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‘MGVE-0.35 ~ 
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(continued) | | | 
No. { Specif-tion.| Name . Quantity | Remarks 


37, | sd plug RAOPK26VSh-2 
: | VO O06ChTU 
38 ——————— socket 2RN2 ? ? ? 
GYa0Q36h020TU__- 

. wire BP?L 0. -30 mm 
“VEUM?P673-Li7 
| wire ?GV? 3-0.35 mm 
[VEUMENG80-L7—— SP 
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Reta Woe Tener Stem 





1, Wires are fastened with a band 200.28 x ma wide made of k/o NOO thread 
“with 100 mn spacing and & “coating of SFok TU MKhP 1367-19 glue. “ ee ba: 
Bi eee Installation is carried out eccorene: to instructions 
 VP0.005.010TU. ; | 
/ | 36 Wire shielding is connected by braid (poze 46 , » covered with 
OE, polychlorvinyl tubing (poze 4h), and soldered to a lug (poze 30) | 
: 2, he Se Screws of the plug are fixed by paint KM TU MG ChKhP 7112-58 | 
| - er 5. Inseription is marked with paint BM TU MG ChKhP 112-58, and 


oe Ga ehe characters for the letters are ° 5s: and for digite, 20, | 
according to GOST 2930-U5. 


be The: areas a the rivet and the ) Lug must be seraped clean. | . . 
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Data on the weight and dimensions of units are given in chapter 


IX. A general view of the range only radar is shown in figure 10. 


Figure ll gives a functional block diagram of the set. 


3e Connecting Cable Schematic 


A cabling schematic for the range only radar which is installed on 


the MIG-21F fighter is given in figure 12. 


Figure 13 shows the principal wiring diagram. 
4. Power Requirements for the Range Only Radar | 

The range only radar's over-all power consumption on the 427 v circuit 
amounts to 200 w. With an alternating current as anr1l1L5 v 400 ¢ » the | 
range only radar takes «410 w. | 

Bower supply schematics for the range only radar for the +27-volt 
circuit, for the ne 1L5-volt 300-cycle circuit, and for rectified volte 
ages are given in figures 14, 15, and 16. 


5e Location of the Range Only Radar on the Aircraft 


The location of the range only radar on the MIG-21F jet line fighter 


‘is shown in figure 17. 


All units of the range only radar are located in the nose section of 
the aircraft and are interconnected by cables. 
The antenna is firmly attached to a cantelever support and is 


covered in front with a removable fairing cone made of radio trans-~ 


parent material. The antenna is connected to the transceiver unit with 


the help of a flexible section. The conic antenna has an inclination 


of 6 degrees to the horizontal plane. The optic axis of the parabolic 
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reflector is inclined 1.5 degrees in relation to the reference line 


of the plane. 


The transceiver (unit 2) is mounted in the forward section of the 


_ fuselage, approximately on the reference Line . Setueen Penne 22 


ana ? 3, and is fastened with two clamps with shock ee eee 
‘The receiver range unit (unit 3), power supply (unit 4), and 

the velocity unit (unit 5) are fastened to a common shock absorbing . 
frame located over the transceiver. petween partitions 2A and 3. Units — 
3 and 4 are situated above the frame, while unit 5 is located below it. 

The control panel (unit 6) is located on the plane's starboard side 
between partitions 2A and 3. - | | 

The comparator unit is placed on the port side between partitions 
3 and 3A. 

The UD-l1 range indicator » the green signal lamp EFFECTIVE RANGE and 


the red. enone Lamp DISENGAGE are located on the right side of the in- — 


strument panes 


The DROP TARGET button and the DROP TARGET signal lamp are situated. 


on the left of the sighting head. On the right of the head are the 


_ OPTIC-RADIO switch and the RANGE~ONLY-RADAR HIGH-VOLTAGE-ON indicator 


Lampe 
‘The initial turn-on toggle switch of the range only radar is mounted 


on the main panel (right bulwark) and is marked RANGE ONLY RADAR. 


The monitor connector, has an end-cap and is attached to the No 2 


support next to the forward section cover. 
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fp 20] Captions to Numbers on Fig. 14 on the Preceding Page 
Le Outside circuits 23- To outside circuits 
: a. oe Ae Adjustment panel G¥a2761031 . —§ 2h, fo unit No 3 
(Be RBA agg, | Pd2-1 
| te Prelo _ a 7 26. Transceiver unit 
eee: : G¥a2,000 02! 
6. RB-3 
| Te RB-21 
8. pt 
| ' Qe +27 V = — 
3 10. Comparator unit GYa2,089,012 
| ge. De RO . 
i ae 12. R83 
: 13. R8=5 
! 1. = RO-7 
15. RB+5 
| : : : 16. From the range unit 
: 17s R5-1 
18. R5-2 | 
| 19. Velocity unit GYa2,002,005 
! | | = 20. To ‘the control. instrument > 
| | 21. To outside circuits 
| 22. To the control instrument 
: 
| 50X1-HUM 
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(p 21] Captions to Numbers on Fig. 15 on the Preceding Page 
Outside circuits 


% 27 volts 
RB~2 | 


Pr 6=3 
o 5a 


RB-1 
pt 
Adjusthent panel GYa2,761 ,031 


High voltage indicator 


‘High voltage off switch (optics) 


High voltage on switch (radio) 
Outside ciruits 

115v 00 cycle 

Tr h-1 

fr 4-2 

Tr 3-6 


Range unit GYa2, 003,002 


Power unit GYa2,087,00), . 

Tr 8<1 

Comparator unit GYa2 3089 ,012 
Transceiver unit GYa2,000,02) 
t 5-1 


“Velocity unit GYa2,002,009 


To KPK control panel | 
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Ll=-3 6PLP 
Ll 6P1P 
Ly-52 6N2P 
Lh-6 6PL1P 


Lh-7 6P1P 
Li-Sa 6N2P 


Ch=5 
L mf 
Prh~3 


Prhj-ly 


Chi-8 
1 mf 


Lh-8 6P1P 
Lh-9 6N2P 


Lh-S O1Sa 


Outs ide circuits 


To ; DROP button 


16. 
17s 
18. 
19. 
20. 


ei, 


226 
236 
he 


25. 


| 26. 
276 


Transceiver unit GYa2,000,02) 
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Captions to Numbers on Fig. 16 on the Preceding Page 
‘Lh-1 6PLP 
Ll-2 6N20 | 
—Prh-2 O15a 


—Ch-3 


To monitoring connector 
Power unit GYa2,087,00) 
Range unit GYa2,003,002 

To KPK control panel 

RB=1 

RB=2 

Velocity unit GYa2,002,005 
Adjustment panel GYa2,761 ,03L 


L8-6 
BN 16 B 


L8~7 
CG. 202 B 


Comparator unit GYa2,089 ,012 


Feed to VRD=2A 
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Captions to Numbers on Fig. 17 on the Preceding Page ~ 


Arrangement of the range only redar "Kvant" on the line fighter 
type MIG-21F — 
RANGE ONLY RADAR switch © 
AIRCRAFT CIRCUIT switch 
LOCK ON signal lamp 
DROP TARGET button 
OPTIC-RADIO toggle switch 
Comparitor unit | 
-Exterior cable sodanctton 
Monitor scnhestton 
Transceiver unit 
Velocity unit 
Wide beam horn | 
Fairing cone 
Narrow beam parabolic reflector 
Ferrite Seumitetes | 
Flexible section 
Adjustment panel od 


Receiver range unit 


- Power supply unit 


Range indicator and the EFFECTIVE RANGE and DISENGAGE signal lamps 
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6. Monitor and Test Equipment 


For technical servicing of the range only radar » trouble shooting, 


| tuning, and adjusting it under line conditions, the following monitor 
end test equipment is required: - 
| | a) ~KPK control panel 


3 . | . b) KS-2 velocity calibrator 


TI-l tester 

137-I instrument for checking the hermetic saat 7 
Radar tester of type 43-I for measuring sensitivity 
Oscilloscopes of types 25-1 and 30-7) 


A4 -M2 cathode voltmeter 


% Airfield Equipment Requirements for the Fighter Eq uipp ed. 
the Range Only Radar "Kvant" | 


The equipment of the airfield where the "Kvant" range only radar 


is operated must meet the following requirements : 


mn operating the radar set from the airfield, it is essential 


to have a monitor. bench equipped with a working range-only-radar set 


| | to test and to repair units taken off the aircraft. 


! b) To provide radio masking in checking out and tuning the radar 


on the plane and on the monitor bench, the direction of radiation of the 


f™ 
' 
3 " 
a 
| | e) 
| | 
‘ 
1 g) 
i 
Zs Lp 24] 
Pal 
; 
4 
| 
: a 
; 
: 
| 
| 
| 
r~™ 


antenna must be located opposite to the state border or away from the 


front lines. 


c) As a power source for the 427 volt circuit for operating the 


ud 
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"Kvant" radar on stationary aircraft F at least a 1,500-watt power 
source is required to feed the series PO converter. There also must 
be available at the monitor bench 230-volt 50-cycle alternating cur- 


rent for connecting routine monitor and test equipment. 


II. PREPARING THE RANGE ONLY RADAR "KVANT" FOR 
OPERATION AND CHECKING IT OUT ON THE BENCH 
8. General Instructions 
Before installation on the aircraft, the components of the range . 
only radar are placed (after unpacking) on the monitor bench where the 
set is checked out according to the following instructions. 
If a fault is found in the range only radar, it is corrected accord= 
ing to procedures outlinea in chapters III and IX, 
The units are mounted on the plane in accordance with instructions 
in chapter III of this manual. 


The monitor bench used to test components of the range-only-radar 


set must be specially equipped with shock absorbing frames for all units. 


7 The frames must be bolted to the bench according to bonding rules. The 


| bench must have a +27-volt power source of at least 1,500 watts and a 


 220-volt 50-cycle supply of alternating current. To test the range only 


redar, the tench mst have special monitor and test equipment and a TP-K 
test panel, the outward appearance and the principal cireuitry of which 
are shown in figures 18 and 19. 


The location of the bench in the building must be near a window 


Ys 
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Fig. 13 General view of the TP-K test panel 
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Function ) 
a No. 
as 


ground 
| (2negative?) ? 
ott 27 v 

i¢ 115 vv | 
je 115 v « com) | 








Goes 
to 









YW 
Denes many Aantees Tieh tenet 





Pe ee el raed 





(?switch?) V/2 1h 

(? switch?) V/2 15 

(2output?) V/2 16 

(2?range instrument? )| 17 

(?range instrument? )} 18 
2 









? | 20 
+. 200 v aL 
Uyange 22 

< 23 
250 v 
? 


to intermediate cable 






Sh-2 


Switch on 


ground 

i+ 27 v (?out?) 
+ 2/7 v 
+ 115 v (com) 


to PO S00 


+ 115 v7 
ground 


MOO yanrwnr 








Pos. 
Des. 


List of Elements 


GOST=VTU Desig. and Rating | Quan 
specs Type _ 

02h0?? 7003TU resist. — - 

MLT+(?51ka? )- I 1(?51? xn} 1 







5 


ft 












OZhO??TU 





MLY-2-=?-I 
resist. 

(?10 kn?)-I 
resist. 

? (2500n7)f 12 
neon lamp ? 
illum. lampSm2 
-{LiL. lamp Sm21 
ill. lamp Sm21 
ill. lamp Sm2l 





OZhO? ?TU 










1 








Sing-throw sw. 
Sing-throw sw. 
Sing-throw swe 
Ssing-throw SW. 
switch k? 
plug inst. 

( 2PM~30? ) 
plug 
RUSPK281G? 
plug | 
ShR30L??? 













- 
??271000 













2. 
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. a | ‘Schematic Diagram of Test Panel 
. ‘& _ (Figure 19) 
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go that there would be Within the scan area. of the receiving-transmitting 


entenna, ground structures or corner reflectors at a distance of 330-5,000 

meterse | | 
After the set is checkea out on the aoe eee bench » the radar com- 

soneaes are installed in the aircraft. A cavehil inspection of the 


installation is conducted in accordance with requirements for installing 


_. the range~only-radar set on the plane. Then, the radar is connected to 


the source of power and is checked before as well as after a flight 


according to procedures outlined in pertiment cumptecs of this instruc- 


| wien manual. 


‘The above mentioned. instructions for preparing the range only radar 


for operation when inspecting it on the bench after unpacking and adjust- 
ing and tuning it before its installation on the plane apply both to 


airplane building plants and to units of the Air Force. 


9. Unpacking and Visual Inspection of Components 
The entire range-only-radar set with spare tubes and tools is . 


placed in 5 boxes. 


. After unpacking, it is necessary to check: 
a) Units and cables for completion against a parts list. 
‘’b) For the presence of safety covers and metal seals on the units. 
¢) For mechanical damage to the units and cables (housings mst 
not be dented or show signs of impacts » connector pins eT not be pent). 


In case of damage or shortage, a list must be immediately made up - 


4% | 7 
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and the manufacturing plant must be notified. 
it 29] | 10. Safety Geaetend 
| | 
| 2 3 | When working with the range only radar "Kvant", the presence of 
| | “high bettese of up to 6,000 volts in the RB6-2M unit and its danger to 
ae must be borne in mind. 
| WHEN WORKING WITH THE RB6-2M UNIT WITH COVERS REMOVED, IT Is 
CATEGORICALLY PROHIBETED To TOUCH WITH THE HANDS THE HIGH VOLEAGE | 
‘RECTIFIER, ‘MODULATOR, AND MAGNETRON CIRCUITS. 
‘ll. Setting up the Range Only Radar on ‘the Bench 
a) After visual inspection, the range only radar units | are in- 
stalled in their proper shock absorbing racks on the bench. 
bd) The K-l and RBS-2M units are installed on the bench in an access- 
O Te ible position, and the antenna mst be faced so that its field of scan 
on : would include ground objects or corner reflectors at a distnace of 
| 300-5,000 meters. 
c) The K-l unit is mounted on a special stand. 
a) Controls used on the bench are situated on the TP-K test panel. 
e) The units are interconnected with cables according to the cable 
connecting speeeen (fig. 12). 
£) After installing: the radar on the bench, it is necessary to run ~ 
the interconnecting cable from the monitor connection to the KPK control 
panel. 
7 {p 30] | ‘12. Turning on the Range Only Radar on the Bench | 
| | and Testing Its Operational Capability | 
| ! : | | To check over-all operational capability: | 
| CQ | = a) seanece the +27 v input. 
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b) Position the KPK control panel switches as follows: 


AGC-MGC (ARU-RRU, Avtomaticheskaya Regulirovka Usileniya-~-Ruchnaya 


Regulirovka Usileniya; AGC-MGC, Automatic Gain Control-Manual Gain 


Control) toggle switch .in the AGC position, and 

ASC-MSC (ARCh-RRCh, Avtomaticheskaya Regulirovka Chustvitel' nosti- 
Ruchnaya Regulirovka Chustvitel'nosti; ASC-MSC, Automatic Sensitivity 
Control-Manual Sensitivity Control) toggle switch in the ASC position. 
c) Position the STATION toggle switch on the TP-K in the ON posi-~ 
tion. _ | | 

da) Switch the MODE selector - the mnvl55 v position. 

| After making sure of the presence of rw 155-volt 400-cycle current 

and that it is at a normal level (+4%), once again check the aircraft 
voltage and in event it is aoe — 27 v, adjust it to its proper level. 
(This voltage is regulated on the exterior circuit board of the aircraft.) 


e) Check the rectified voltage ~150 v, +150 Vv, 4200. vs +300 Vy On 


the KPK control panel. 


Votages mist be within the following limits: 
41.50 v er e 
150 voo45v 
| +200 vo 45 V~ 
$300 ¥45.-¥ 
Note : The +150 voltage will come on after the operation of a time > 


delay relay in about 2.5-3 minutes after the radar set has been switched 


ONe 
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Note: The high voltage is switched on with a delay in respect to the 





switch on the control panel in the T™ postion and the HIGH VOLT 


toggle switch on the control panel in the high voltage position. 


f) Check the magnetron current. To do this, place the MODE , 


Magnetron current is controlled for the KPK and must be 1.9 ma 


40.7 ma. 


instant of switching on the radar set. The delay is of 2.5-3 . ed 
minutes duration and is automatically determined by a time relay. 


g) Check the crystal currents with the control panel. The cur- | 


rent of crystal I (the receiver crystal current) must be within 0.2-0.8 


ma. The current of crystal II (the AFC (APCh, Avtomaticheskaya 


Podstroyka Chastoty; AFC, Automatic Frequency Control) crystal current) 


mist be within O0.4-1.2 ma. | 
h) Check rf emission, antenna switching, and currents of the ferrite 


commutator. To do this, place the MODE switch on the KPK in the ?7TF posi- | 


_ tion, and the toggle switch on the TP-K in the A position. 


Place the STATION MODE switch on the KPK in the A mode position 


and measure the ferrite current. ‘At this time, the entire range of the © 


instrument in the KPK is equal to 120 ma. 

The current for each ferrite is indicated on the rating list of 
the ferrite commtator. | 

in the A mode, the rf mist pass through the horn antenna. To check 
for emission of rf by the antenna, bring a neon aoe close to it, and if 
rf is present, the neon lamp will glow. Then, place the toggle switch | 


on the TP-K and the STATION MODE switch on the KPK in the B position, 


oe 50X1- HUM. 
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[> 32] and once again check the ferrite current. The scale of the KPK instru} 
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ment is now equal to 15 ma. 
In mode B, bring the neon — to the emitter and if rf is pre- 
sent the Lamp: will Light. 
| i) The VRD-2A feed voltage is adjusted with the VRD potentio-~ 

meter on the K-8 unit according to the operating procedure for the 
VRD-2A. | | | | 

Checking the Operational Capability of the Target Lock-On 
Circuits and Preliminary Inspection and Calibration for Range | 

a) ‘Check for lock on reflected Signals from ground objects. 


The check is made through the voltmeter of the control panel. The 


_- MODE switch is positioned in the ID aspect, the voltmeter scale range 


is now equivalent to 3 ,000 m in mode A and to 7,500 m in mode Be. Mode 


switching is accomplished with the A - B toggle switch on the TP-K test 


panel. Geandfes to distant targets is effected by pressing the DROP 


TARGET button on the test panel. 


During lock-on, the LOCK ON signal lamp on the TP-K mst Light. 
b) fo check the calibration of the range only radar for range it 
is necessary to: 


_ Connect the UKKM-1 rf calibrator to the coaxial cable between wits 


2 and 3 (IF preamplifier and IF amplifier (PUPCH - UPCh, Predvaritel 'noye | 


‘Usileniye Promezhutochnoy Chastoty~ Usileniye Promezhutochnoy chastoty)). 


Cover the antenna with a flow cone to the inside of which damping ~ 


rubber has been glued. By quickLy pressing the DISENGAGE button 
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[p 33] lock on the 500, 1,000, 1,500, and 2,000 calibration markers in mode A, 


and on the 500, 1,000, 1,500, 2,000, 2,500, 3,500, 4,000, 4,500, and 
5,000 calibration markers in mode B. 
In mode A watch the voltmeter reading on the KPK. 


In mode B watch the range instrument on the TP-K. The scale of 


the instrument is 8 km. In checking calibration, “instrument readings 


must approximately correspond with the value of the locked-~on eae. 
Checking the Calibration of the Velocity Channel 

To check the velocity channel, the KS-2 velocity calibrator mst be 
connected to the AS 115-volt hOO-cycle circuit. The OUT connection on 
the KS-2 must be. connected to the RECEIVER OUT coa*tial cable connection 
on the face panel of the RB6-3 unit. Feed a trigger pulse to the KS-2 | 
from the FEED terminal of the KPK. Place the VELOCITY m/ sec switch on the 
KS=2 in the 0 position. Position the MANUAL HOLD and the OUTPUT GAIN | 
pov arene vers in the middle. 

Switch on the KS-2 with the CIRCUIT toggle switch. Turn on the set 
and the high veltaces | | 

With the help of the MANUAL HOLD and OUTPUT GAIN potentiometers ac- 

complish a steady hold of the KS-2 1,600-2 ,000 meter marker. 

Place the MODE toggle switch on the KPK on A. 

Calibration of velocity is accomplished only in mode A when range 
is calibrated. Connect the Al-M2 instrument and take a reading on the 
SCAN (Isk) terminal in the TP-K. On a stationary marker of the KS-2, the 


velocity potential is equal to zero. Then, place the: VELOCITY m/sec 


s4 | 
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| [p 34] Switch on the KS-2 in the 100 m/sec position and press the RETURN 





button. Place the RECEDE~APP ROACH toggle switch in the APPROACH 
position. When the target (marker) velocity is 100 m/sec, then accord- 
ing to the rule that 0.1 volts is equal to one meter per second, the 
velocity voltage ust equal #10 volts. After locking on a moving tar- 
get travelling at 100 m/sec, the Ahewe intrunent must indicate 410 volts. 
In similar manner check the readings for target (marker) velocities: of . 
150 and 300 m/sec. | | 

| In mode B, the velocity voltage is converted according to the ratio 
0.04 volt = one meter per second. 


Checking the Operation of the AFC and AGC Circuits. 


| @) Place the ASC-RSC toggle switch on the heen ie in the RSC posi- 


| tion, and the MODE switch in the TK-P aspect. 


b) Connect the input of the 25-I oscilloscope to the RECEIVER 


OUTPUT coaxial connection on the face panel of the RB6-3 unit. The . 


_sereen of the oscilloscope should show receiver noise and pulses from 


the target. By manipulating the TUNING knob achieve maximum amplifica- 
tion of reflected Signals and set the current of the second crystal. 


Position the MODE switch in the TK-l aspect and set the current of the 


first crystal. 


ce) Place the AFC-MFC toggle switch in the AFC position. The ampli~ 
tude of the reflected signals in the AFC mode should not differ from the 


amplitude of the signals in the MFC mode, and the current / intensities 


of the crystals must not vary more than 20%, 


SS 


SECRET y 50X11 -HUM | 
' Declassified In pene sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030400090001 -4 





| 
1 


Deciassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030400090001-4 | 


7 


[p 35] 


5OX1-HUIM 











d) Place the AGC-MGC toggle switch in the AGC position. 
If lock-on and the strength of the 6Bienals from the ground target are 
of sufficient intensity, the AGC circuit will take control and only the 
target will remain on the screen while noise will diminish or dis-~ 
appear. | | 


Checking the 








The check of the operation of the circuits for the LAUNCH and PULL 
OUT signals is performed in accordance with chapter ee section 20 of — 
this manual. 


Checking the Sensitivity of the Set 


The check of the sensitivity of the range-only-radar set is done 


_ according to instructions in chapter VIII of this manual. 


in event of noncompliance in sny particular, the radar set must be 


- adjusted and the fault corrected. 


TIT. INSTALLATION, TESTING, AND ADJUSTMENT OF THE RANGE ONLY RADAR 
ON THE PLANE | Oo | | 


General Instructions 
After inspection of the over-all eperers eet capability of the range 


Only radar at the aircraft building plant or in units of the Air Force 


_ (after having received the range Only radar packed in conformity with 


division II), the radar is installed on the aircraft. Before installing 


the RB6-2M unit on the plane, it is necessary to check the hermetic seal 
of the unit with the use of 137-I apparatus, to do this it is necessary 


to tighten the bolts with the band rings on the yoke of the RB6-2M unit. 


: SG 
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Tapping is accomplished through the access nipple on the face panel of 


the unit and an excessive pressure of 0.9 atm is established. ‘Tests 


are considered satisfactory if the pressure does not fall more than 


QO.1l atm in 3 hrs. 


installation procedure is determined by the method prescribed by 


the aircraft building plant. 


In section 13 of this chapter, requirements are listed for install- 


ing the range only radar on the aircraft. After installation, the set 


is inspected, and if necessary adjustments are made, and then the radar 


is connected to the sight and to the VRD-2A. Initial switching-on, 


checking, and adjusting of the range only radar on the plane mst be. 


_ entrusted only to a specially trained crew (plant technicains and engineers). 


Turning on the range only radar is permitted only when the power 


. supply comes from a converter of seried PO fed from an outside power 


source of +27 volts rated at not less than 0.15 Kw and connected to the 


‘plane with a special plug. 


Besides, to avoid the presence of high voltage in the circuitry of 
the plane, the power source mist have its own power board with a volt- 
meter, a knife connect-switeh, and connecting circuitry, and an exterior 
voltage regulator. : 

In working with the range only radar, it is necessary to observe the 
following: | 

a) It is forbidden to plug in the units with covers removed. 


b) Opening the units to correct faults is permitted only on the 


57 
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bench equipped with a monitor range-only-radar set. The units must 
subsequently be sealed. | | 


c) Special adjustments mst be made only by selected responsible  —s> 


persons. After adjustments are made, all adjustment controls mist be 


| safe-locked, and the units sealed. 


13.. _ Requirements for Installing the Range Only Radar on the Plane 

a) Arrangement of the units of the radar set on the aircraft mst 
agree with drawings of the aircraft building plant. 

b) Units RB6-2M, RB6-3, RB6-4, RBO-5, K-6, and K-8 must not eich 
other equipment » cables, or other components of the plane. Cables a 
not be drawn tight. 

c) The location of the K-1 and the RB6-2M units in relation to each 
other must be strictly observed, so that the meenviae channel of the 
range only radar may be installed without strain or curving. 


d) Cables of the range only weder must be laid according to the 


| cable Layout. 


After cable ana unit connectors are screwed together » they must be 
safetywired. When cables go through special apertures in thé walls of the 
plane, they mst not touch sharp edges. Cables of the mene only radar 


after installation on the plane and before connection to the units aes 


be inspected for short circuits and breaks. 


e) Resistance of the bonding between the damping frames of the units 
and ‘the body of the aircraft mst not exceed 2,000 m ohm. » 


2) To prevent metal shavings and other foreign objects from falling 


| SS | | | 
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in the 136-3 ; RB6-4 , and K-8 units, a special cover mst be placed over 


| teu, 


g) The installation of the range only radar at the aircraft build- 


ing plant must be accepted by the technical control division and by a 


military representative, and in military units » by a specially desig- 


nated officer. 

| Lh. Readying the Range Only Radar for Switching On 

‘Before switching on an external power source to the plane, all toggle 
switches on the switch board in the cabin mist be located in the OFF Rens 
tion and the RADIO-OPTIC toggle should be on OPTIC. 

a) Connect the external feed cable to the ‘aireratt plug, and ad- 
just the aircraft voltage for 27-29 volts. | 


b) Connect the KPK control panel to the monitor connection of the 


__ KP cable. 


Switching devices on the KPK mst be positioned in accordance with 


instruction in chapter II, section 12, subsections a, b, c, d, and e of 


this manual ° 


1L5¢ Checking the Operational Capability of the Range Only Radar 


| a) Place the HEATER, SIGHT, and RANGE-ONLY-RADAR toggle switches in 


- the OFF position. 


b). Check for ~r115 volts on the voltmeter of the KPK. After 
making sure of the presence of AF 115-volt LOO-cycle current and of its 


normal amplitude (within +4%), once again check the aircraft voltage, 


. and if it does not correspond to the nominal 27 volts, adjust it to its | 


normal reading (the. adjustment is on the board of the unit for the exterior 
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aircraft circuit). 
| c) Check the rectified voltages -150 v, 4150 v, 4300 v, and 4200 v, 
with the KPK sentaSl panel. Voltages mist be within the following limits: 
| #150 v aa | | | 
#150 v +> Vv 
+200 v 49 V 
+300 Vv +5 Vv 
Hote: The +150 v potential will appear after the operation of a time 
delay relay, i.e., after 2.5-3 minutes after the radar set is 


turned on. 


en ee, 


4 es : a | -. @) Check the magnetron siveene: To do this, place the KPK MODE 
switch in the IM position. : | 
Position the OPTIC-RADIO switen on RADIO. 
The magnetron current which is monitored a the KPK must be 1.9 ma 
: +0.7 ma. | 
e) Place the KPK switch in the TK-1 position, and check the sig- 
nal crystal current for correspondence with the es rating (the current 
mist be 0.2~0.8 ma). | 
[p 40] _£) Position the KPK switch in the TK-P setting and check the AFC 
erystal current and its correspondence with the log rating (the current 
mist bé O.4-1.2 ma). 
g) Set the MODE switch on the KPK in the FK position, place the | 
RS, PUSh.-SS (RS, Reaktivnyy Snaryad, rocket shell; PUSh., Pushka, gun; 


SS, Samonavodyashchiysya Snaryad, homing missile) toggle switch on RS 


CO 
| to | 
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(RS, PuSh position corresponds to mode A, and the SS position, to mode 3). 
| Now measure the ferrite current in this mode. 7 
Current intensity must correspond to the log rating. 
Set the togule switch in the SS position and measure the ferrite 
current which must correspond to the log rating for this mode. 
h) Check for the ereuauca of locking on ground objects located in 
front of the plane. Checking is done with the LOCK ON signal lamp and 
with the sight head (in mode RS), or through the PRESENT RANGE (UD-1) 
indicator located on the pilot's instrument panel (in mode Ss). 
16. Calibrating the Range Only Radar for Range with Optical Sighting 
When optical sighting is used, the range only radar is calibrated in 
the RS mode (wide beam of the antenna) with the help of the supersonic — 
calibrator UKKM-l. 
When eee the range only radar for range in the RS mode, it 
is necessary to: 
a) Lock on a corner reflector located at 500 meters and by adjust- 


ing the ZERO RANGE control on the control panel ,» obtain a 500 m reading 


on the D scale of the sight computer with an accuracy of 410 m. | 


b) Insert the supersonic calibrator UKKM into coaxial cables between | 
units RB6-2M and RB6-3M [sic]. 

¢) Cover the antenna with @ cone to which Saerbent rubber has 
Been glued. 

a) Lock on the first calibration marker from ‘the UKKM-1 and note 


the reading on the D scale of the sight computer. © 


Gl 
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.. Note: The difference in the reading on the D scale when locking on 
| a marker from the UKKM-1 and in the reading when locking on 
@ corner Pimctae determines the magnitude of the error in 
do as | / : the UKKM calibrator, which must be taken into consideration 
3 | - 7 | when locking on Suppedvent calibration markers. 
, e) Lock on the fourth calibration marker for the range of about 
2,000 m and by manipulating the A SCALE RANGE adjustment on the adjust- 
ment panel set the proper reading on the D scale of the sight computer — 
with an accuracy of +10 m. | 
Note: ‘The reading on the D scale of the, sight computer when oe 
ing on markers from the UKM-1 must be equal to the range 
oO a. _# value when locking on the first marker multiplied by the number 
: of the selected marker. | | | 
£) Check the calibration of the ZERO and SCALE ranges and in case 
‘the error in the operation of the sight scale is no more than +10 m, safe~ | 
| Lock the potentiometers. | 
4 - g) In the record book of the. range only radar enter a notation con- 
‘cerning the work performed and give the number of the UKKM calibrator. 
17. Calibration of the Velocity Channel | 
In testing the calibration of the velocity channel in the RS mode, 
: 7 the following must be done: | 
a) Connect the KS-2 to the 115-volt hOO-cycle terminals of the KPK, 
| [p 42 | bd) Connect the OUT connection of the KS-2 to the receiver out- | 


" put (the coaxial connector on the RB6-3 unit). 


- “ 
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c) Feed the trigger pulse from the TRIGGER terminal of the KPK to 


' the TRIGGER terminal of the KES 


a.) Connect the GROUND terminal of the KS-2 to the radar set. 
f) Place the OUTPUT GAIN and MANUAL HOLD potentiometers in the mid- 
insert the divider BASE plug into the compensating circuit of the 
KS-2. 
sat Place the COARSE-FINE toggle switch in the FINE position. 
-~ Place the COMPENSATION toggle in the OFF position and set the ; 
pointer of the "Error" instrument On zero. 


g) Connect the SCAN terminal of the KS-2 to the VELOCITY terminal 


on the KPK. 


oo. | 
With the help of the MANUAL HOLD and OUTPUT GAIN potentiometers on 


the KS-2 achieve a Steady lock-on of the stationary marker for 1,600- 


| 2,000 m. After lock-on, place the COARSE-FINE toggle switch in the FINE 


| position and with the help of the ZERO VELOCITY potentiometer in the K-6 


unit set the pointer on the compensator instrument at O. 


Then set the COARSE-FINE toggle switch in the COARSE position.and 


the VELOCITY m/sec switch on the 300 marker. Place the RECEDE-APPROACH 


toggle switch on APPROACH. | %y 

Press the RETURN button. After locking on a moving marker, place 
the COARSE-FINE toggle switch on FINE and with the VELOCITY SCALE poten- 
tiometer in the K-6 unit set the pointer of the compensator instrument 


at O. 


bg 
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‘After calibrating the scale, once again check zero calibration. 
Check calibration error at speeds of 150 and 300 m/sec. If the cali- 
bration error does not exceed +5 m/sec. 3 sapien: the ZERO and SCALE 
enone potent ioastece in the K-6 unit. | 

| The "Error" instrument in the KS-2 has a scale of 30 m. 
18, Calibration for Range in the S$ Mode 

Place the RS, PUSh — SS tumbler switch in the SS ‘asitiee: 

Connect the UKKM-l1 into the receiver circuit between the IF pre=- 
amplifier (PUPCh) and the IF amplifier (UPCh). Set the KPK STATION MODE 
switch in the B position. . 

Place the KPK COARSE-FINE tégaie switch in the COARSE position. 
| ™ | =e | Set the ees toggle switch on OFF. Position the RANGE switch on 
‘the KPK on the 5,000 m setting. Lock on the 5 Km marker. Place the KPK 

COARSE-FINE toggle on FINE. The "Error" instrument must be on 0. Then, 
with the B SCALE potentiometer in the K-6 unit, adjust for zero on the 
COMPENSATOR instrument. 
in the UKKM-l1 does not produce a ve of exactly 5,000 m, note 
. the error. | - 
With this in mind, by rotating the ERROR potentiometer knob on the 
KPK offset with a reverse value the UKKM-l-error in the “Error” instru- 
mente _ | | | | | | 
(p kb] ‘After calibrating for scale, safe-lock the B SCALE potentiometer Lo= 
| cated in the K-6 unit and check the calibration at the following points : 


f™N 
Ne : 
| 6Y a | | 
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The range calibration error must be within +50 m. 
Notes. Calibration for zero range in mode B is not performed. Zero 


range is calibrated in mode A. 


19+. Calibration of the Output Voltage Fed to the Range 
Indicator Sight of the UD-1 Pilot 


The range indicator sight of the pilot is a voltmeter with a 
scale calibrated up to 8 Km. To calibrate the range Output voltage it 
is necessary to perform the following: 

Place the ea RAT ION and the COMPENSATION toggle Switches on the 
KPK in the OFF position. | 

Lock on the 1,000 m marker from the UKKM-l. Set the pointer of 


the UD-1 range instrument on 1,000 m with the ZERO range potentiometer 


' On the K-8 unit. Lock on 7,000 n, and with the SCALE potentiometer lo-. 


cated on the K-8 unit adjust for a 7,000-meter reading on the range in- 


strumente 


Repeat these operations 2-3 times and safe-lock the ZERO and RANGE 


_ potentiometers on the K-8 unit. 


20. Checking the Operation of the Launch and Pull-Out Signals 
a) To check the operation of the launch signal circuit it is ne- 
cessary to; | | 


Connect the D OUTPUT and VRD OUTPUT terminals on the K~8 unit, to 


. corresponding terminals on the KPK. 


Position the CALIBRATION toggle switch in the KPK on OFF, Set the 


STATION MODE switch on the KPK on S, With the use of. the ERROR potentiometer | 


- 6S | | 
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Set the reading on the "Error" instrument on zero. Place the RANGE switch | 
on the KPK on the 2,000 m marker. Lock on the 2,000 m marker from the 
UKKM-1L. 

By rotating the knob of the ERROR potentiometer on the KPK and by 
manipulating the "+." + "" toggle switch get the EFFECTIVE RANGE 
(LAUNCH) lamp on the ‘panel of the "Error": instrument to light. In the 
same manner, tests are made for 3 ,000-, 4 ,000~ » and 5,000-meter ranges. 

The error in comparing the two voltages must be within +100 nm. 

b) To test the operation of the pull-out circuit proceed as 
follows : 

Connect the D ourrur terminal on the KPK to the D OUTPUT terminal 
on the K-8 unit. Set the CALIBRATION toggle switch on the KPK on 
CALIBRATION, a 

Place the STATION MODE switch on the KPK on 0. With the ERROR 
potentiometer tune for maximum deflection of the indicator on the "Error" 
instrument. Set the "|." -. "a." togcle switch on "—~'', 

Lock on the 1,000 m marker from the UKKM-l. By cobatiue the knob 
of the ERROR potentiometer on the KPK get the PULL Our lamp on the 

| "Error" instrument board to light. | 
[p46] Calibration of the pull-out circuit is pepeoraed with the PULL our 
| potentiometer on the K-8 unit. ‘The PULL OUT Lamp should light at - 
1,000-[1]150 m. | | 


21. Testing the Feed Voltage of the VRD-2A 


The VRD~2A feed voltage is regulated with the VRD potentiometer 


ame 
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located on the board of the K~8 unit secortden to procedures indicated 
in the operating instructions for the VRD-2A. Voltage readings can be 
obtained at the following monitor points on the K-8 unit: 

KT-4 (S) -- VED feed at the velocity point; and Kr-8 (--) += VRD Ps 
Peed. | | a | 7 
The rest of the points on the K-8 unit correspond as follows : 

KT-1 (D INPUT (D VKh)) -- present range | 

KT-2 (D OUTPUT (D VYKh)) -- range on the UD-1 

KT-3 ( {blank space within the parentheses ]) -<- ground 

KT~5 [blank] -« output voltage from the VRD-2A 

Cle Checking the Hermetic Seal | 
After installing the nenee only radar on the aircraft check 
[A SPACE EQUAL TO ABOUT ONE-SEVENTH OF THE 
SOURCE PAGE HAS BEEN WHITENED OUT HERE. ] 

Conduct the checking of the hermetic seal of the antenna waveguide ~ 
system in the following sequence: pump an excess pressure of 0.9 atm 
into the antenna waveguide channel connected to the vacuum gauge. 

The test is considered satisfactory if the pressure does not drop 


more than 0.1 atm in ? hrs, provided that the tubing connected to the 


waveguide system does not exceed 40 cm3, The apparatus for checking 


the hermetic seal of the waveguide is located at the military organiza-. 
tional maintenance installation. | 
A diagram for checking the hermetic seal of the anvenna Meee 


system is shown in fig. alte 


4? | 
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IV. PREFLIGHT TESTING OF THE RANGE ONLY RADAR 


Preflight testing of the range only radar consists of checking | 


its over-all operational capability in conjuction with the optical 


sight.and is performed in the following order: 

a) Connect the exterior aircraft voltage Beeeigceatie to the 
aircraft plug ena set the aircraft voltage at 27-29 Ve 

b) Set the SIGHT pn SIGHT, RANGE ONLY RADAR, and GIK-VRD toggle 
switches on OFF. ~ 

c) Place the GYRO-STATIONARY switch in the GYRO position. 

4) Put the RS, PUSh -- SS toggle switch in the RS, PUSh position. 

e) Position the RADIO-OPTIC toggle switch on RADIO. 

After turning on the range-only-radar set and the high voltage (the 
time delay for switching on the high voltage is 2.5-3 minutes), a lock- 
on targets should occur, provided there are ground objects within the 
“oe or oe antennae Lock-on can be monitored by the aes of 
the LOCK on Signal lamp. 

Press the DROP TARGET button and lock on several other targets and > 
observe nae range readings on the range indicator on the sight head. 

f) Position the GYRO-STATIONARY switch on STATIONARY. 

g) Place the RS, PUSh ~~’ SS toggle switch in the SS position. 

The radar should lock on the enctes, Lock-on can be monitored by 
the illumination of the LOCK ON lamp and by the reading on the range sight 
indicator. er the DROP TARGET button and lock on other targets. At 


@ range of up to 1,150 m the red PULL OUT lamp will light, beyond this 


OF ~ 50X1-HUM 
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range it will go off. In addition, the green EFFECTIVE RANGE lamp may 


_ hight. 


An entry concerning the readiness of the range only radar for 


_ flight must be made on the check-off list for readying the plane for 


[p 49] 


flight. | 
V. OPERATING THE RANGE ONLY RADAR IN FLIGHT _ 
23. Turning On the Renge Radar and Testing Its Operational 


" 
~ 
yr 


Capability 


The range only radar is switched on by the pilot after the motor ~ 


of the aircraft has been started. 


- To turn on the radar set it is necessary to: 

a) Place the following neuen switches 4a the OFF position: 
SIGHT A HEATER, SIGHT, RANGE ONLY RADAR, and GIK VRD. : 

b) Place the RADIO-OPTIC toggle switch on RADIO. The signal for 
ae on the high voltage of the set, aces 3 the sign of the state of 
readiness of the range only radar for poevetion is the illumination | 
of the READY indicator Lamp on the control eset, ‘ 

c) Check the operational capability of the range only radar ; after 


Ae 
U 
<F 


which perform the following steps: : . 


wy 
4) 


Set the GYRO-STATIONARY switch on GYRO. | Place the RS, PUSh -- ss” 
toggle switch on the RS, PUSh position. Lock on aircraft within the . 
operational zone of the range only radar. ~ 

In event of absence of aircraft, check the operational capability 


of the set by locking on ground while flying at a low altitude (500-1,500 m). 


70 
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The operative condition of the set during lock-on is determined by 
the illumination of the LOCK ON indicator Lamp aud by the change in 
the diameter of the sight grid after lock-on. } 

Set the GYRO-STATIONARY switch on STATIONARY. - 

Place the RS, PUSh -- SS toggle Switch in the SS position. 

With the absence of an airplane target, check the operational capa-~ 
bility of the set by Locking On ground during a flight at 2 ,000=3 , 500 m 
while diving at an angle of 30 degrees to the horizontal. 


The operative condition of the range only radar is determined by 


the illumination of the LOCK ON indicator lamp and by the reading of the 


_ range sight indicator, and also by the lighting of the green EFFECTIVE 


RANGE lamp. ; | | 
ok. Operating the Range Only Radar in Flight . | 

if there is continuous radio emission from the range finder, an 
enemy may get a fix on the aircraft, or the range only radar may suffer 
damage e 


Under combat conditions, therefore, after checking the operational 


capability of the set during climb, it is essential for concealment pur~ 


poses to turn off the emission of the electromagnetic rf energy into 
space; to do this, the OPTIC-RADIO switch on the arent control panel 
must be placed in the OPTIC position. 


After receiving information from the station about the appearance of 


the enemy, or with visual discovery of enemy aircraft, it is essential. 


to switch t5 the RADIO position immediately. 
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To ensure the firing of guns and unguided missiles > (RS), it is 


' necessary to: 


Switch the RS, PUSh -~ SS toggle to the RS, PUSh pocenae 

Set the GYRO-STATIONARY switch on GYRO. 

The attack is mounted in the usual fashion. 

Upon reaching a range of less the 2,500-3,000 m, the target is 
locked on. | 

Note: » Lock-on range is less with a smaller eaneet and with large 


lead prediction angles. 


When tracking the target, the pilot must guide the plane so that 


_ the center dot of the grid on the sight (marker) coincides with the tar- 


get. At this’time, the diameter of the grid circle will automatically 


change continuously depending on the change in the range of the target, 


| enlarging on approach. 


The DROP TARGET button located on the Support brace of the sight 


head is designed to reject a captured target when it becomes necessary 


to seek out another target within the range of the radar. Therefore, 


when this becomes necessary, quickly press the DROP TARGET button and 


watch the reading of the range indicator Scale on the optical sight head 


which shows the range to the locked-on target. After the target is 


- "axoppea", a “lock on" a more distant target is accomplished -- if there 


is such a target. 
Operation: of the optic sight in conjunction with the . renge-only- 


radar Set must follow the instructions. for the operation of the sight. 


22 | | 50X1-HUM 
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To ensure a successful launching of the air-to-air homing rocket 


it ia necessary to: 


‘Place the GYRO-STATIONARY switch in the STATIONARY position. 
Position the RS, PUSh -- 5S toggle switch on SS. 


The attack is aoenees with allowance for Dartteulare when operating 


with homing rockets. 


When tracking the target, the pilot mist guide the plane so that the 
sight marker coincides with the target. However, the diameter of the 
grid circle does not change with the change in target range. 

Capture of a more distant target is seccapiaened by briefly press- 
ing the DROP TARGET button. | 

25. Turning Off the Range Only Radar 


The range only radar is turned off before landing in the following 


a) Place the RADIO-OPTIC cones switch in the OPTIC position. — 
b) Place the RANGE ONLY RADAR toggle switch on OFF. 
c) Place the HEATER ana SIGHT toga o: ‘Suitenes. on OFF. 
26. Log Entries 
After the flight, the pilot commmicates his remarks on the opera-_ 
tion of the range only radar to the person servicing the radar and makes 


entries in the log on his own observations on the operation of the set. 


VI. POSTFLIGHT CHECK-OUT OF THE RANGE ONLY RADAR 


Postflight check-out is performed after each flight regardless of 


VS | 
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whether or not the range only radar was turned on during the flight 


. and regardless of whether or not the pilot had any remarks. 


Fee Sheer none aneinaies'a: 


ay Debriefing the pilot on the behavior of the range only radar 


in flight. 


b) Visual a of the sapeceu ia eeeiey units and their 


fastenings. ° 


¢) Check-out of the over-all spevets ond capability of the range 
only radar according to oeeriignt testing procedure. 


d) Check-out of the modes and the calibration with the KPK and the 


Z KS-2 NeEece calibrator. 


27. Pilot Debriefing 
After each flight » the person responsible for servicing the range | 
only radar must debrief the pilot on the behavior of the radar in flight. 


Debriefing must be painstaking; in the presence of complaints, all 


ae of disrepair must be carefully explained to facilitate finding 


‘the Cause. 


All notations must be checked out and the faults remedied. 
If ieee is nothing wrong with the equipment, the operational 
capability of the range only radar may be checked out. 
| 28. Testing the Operational Capability of the Range Only Radar | 
Conduct EES test of the operaional capability of the range only 
radar secewuine to the preflight test procedure (Gee chapter Iv). ‘the, 


with the KPK control panel and the KS-2 velocity calibrator check the 


2 ¥ 
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amplitudes of rectified weneancen cueents of crystals, magnetron, and 
ferrites; operation of the ASC, Launch, pull-out, and Lock-on circtiits; 
| - + | and the range and velocity tracking in the two modes. | - 

- Perform testing in accordance with instructions in sections 15-22 
| of chapter III of this manual. If it is found in the course of testing 
a that any one of the units is not operating, it is necessary first of all 
: to look for the simplest causes first such as disconnected plugs and 


cables, lack of power, blown fuses, etc. Removal of the units from 


samt ee Ae ward ee a 


| 
lp 54] the aircraft for testing and repair on the bench is done only in eee 
| at. is certain that a Simple cause is not the trouble. After inspection 
shows that all components of the range nas eae are in good condition, | 
a notation to this effect is made in ‘the plane's ready list or in the | 


radar operational list. 


\ 


VII. MAINTENANCE AND SERVICING OF THR RANGE ONLY RADAR 
296 General Instructions 
The service life of the range only radar "Kvant" is guaranteed for 
500 flying hours. To insure normal operation of the range only radar oe 


the eevee Bena of neers appropriate servicing and correct main~ 


ae hap rem ES WO a et ee A AE AE rg ane 10 ie tihee OY AE LRU ela tA wk! 
ome 5 . 0 aE ne 
' A 
mo, 


tenance of the set are necessary. The servicing of the range only radar 


ae dae Te Sarre ce te ey 


flight and postflight inspection), as well as pemuiation servicing, 


aa 


the extent of the preflight and postflight inspection is. eee 


in chapters iV aa VI of this ees 


‘ | | | | - ae _ 
| SECRET 50X1-HUM | 
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| 
consists of regular checks of its serviceability during operation (pre- : | 
| 
| 
| 
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Regulation servicing constitutes preventive servicing carried out 
with the purpose of maintaining the range only radar in working order 
and forestalling breakdowns. 
Regulation jeerieias consists of periodic inspection of the range. 
only radar and elimination of noted defects, checking of electrical 
parameters, cleaning of ventillator motor brushes (in the RB6-2M unit), 
end adjusting the radar sete — | | : 
Regulation servicing is conducted after every 500 hours of opera- | 
tion of the peace. cals radar (50 hours, 100 hours, 200 ouiea) but not 4 
less than once a month. | | 
| Regulation servicing after 100 and 200 hours of operation is 
carried out at the bench and consists of a thorough inspection and ad- 
Justment of the radar set and replacement of some tubes. Notations 
concerning the completion of the types of required servicing are entered 
| ! 
in the radar Log with signatures of all persons participating in the work. | 
30. Regulation Servicing After Hours of Operation, or One : 
Month After Installation of the Range Only Radar on the 
Aircraft 
a) Carry out inspection of units and check the operational capa- 
bility Sanpete ete to the extent carried out during postflight in- 
moseoton. (ade chapter VI). 
b) Check and, if necessary, adjust calibration for range and velo- 
city to the extent. and according to procedures stated in sections 16-21 


in chapter Lil. 


Tb 
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¢) Test the sensitivity of the radar set Coad to the fol- 
Lowing method : place the aireraft on a rer marker au “etter Fue 
ing its postion, lock on a preselected stationary target (a single builé- 
ing or a corner reflector). cece the input of the 25-1 ae ee 
to the RECEIVER OUrPUT coaxial connector on the face panel of the 
RB6-3M [sic] unit. From the oscilloscope screen determine the signal- 


to-noise ratio. 


Compare the derived signal-to-noise ratio with the standard ratio 


_ which is determined: by the lock-on of the same target from the same posi- 


tion by a properly functioning radar set with normal sensitivity which 
has been checked out on a 43-I tester. This method permits the deter- 
mination of the radar's sensitivity with a degree of accuracy of 2-3 db 
Hinowt removing it from the aircraft. 

4) Disconnect the monitor and test instruments and fasten the end 


caps to the monitor connector. Turn on the radar and test it according 


to Becncrcs outlined for preflight inspection (chapter Iv). 


e) Record the completion of the 50-hour regulation servicing in 
the pace: set's log. 
3L.- Regulation Servicing After 100 Hours of Operation 
of the Range Only Radar } 


a) Remove the RB6-2, RB6-3, RBO6-4, RB6-5, K-6, and K~8 units from 


the plane, open the covers, and inspect the installation and attachment 


of components and underpanels of damping frames. 


Tighten screws end nuts, check the condition (intactness) of rivets 


27 : | 
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and welded seams and blow-off the dirt and dust from the wits. Care- 


fully inspect the housing and the units. If dents are Peceenes check © 


if the unit rubs against other aircraft equipment (such as rablers 


turbine ducts, etc.) during vibration or bumps. 


Correct all discovered faults. 

b) Mount the units on the plane. 

c) Carry out inspection equivalent to that extended in the 50-hour 
regulation servicing procedure. 

32. Regulation Servicing After 200 Hours of Operation 
of the Range Only Redar | 
Conduct the 100-hour servicing operations according to section 31. 
32 Ae Regulation Servicing After 250 Hours of Overation 
of the Range Only Radar 

a) Conduct the 100-hour servicing operations aseeuaine to pro- 
cedures described in section 31 subsection a. 

b) Dismount the antenna from the canteLever eee er dis= 
turbing the iaveente nosition and examine the antenna and the Wave- 
guide channel. Check the. antenna standing wave ratio and ferrite currents 
against corresponding rated values. 

c) Change the magnetron, klystron, ATR, and the blower motor in 


unit 2. 


d) Mount the range only radar on the bench. Check parameters 


according to instructions outlined in section le, chapter It. 


f) Test magnetron output with the IM-4 output meter. 
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g) Check the width of the IF band of the receiving channel 


/ Using the following instruments: a4 Signal generator of the SG«1 or 


GMB type, a voltmeter of the LM type with an indicator scale of 10 
or a vacuum tube voltmeter of the Al4-M2 type, and a crystal equivalent. 
Checking procedures are Similar es those described - chapter VII. 
Close the housing of the transceiver unit and tighten the bolts. Check 


thehermetic seal with the 137-I instrument according to instructions 


outlined in section 22 of chapter III. 


h) Install the wits on the aircraft and execute a preflight check. 


\ 
‘ 


32 Be Regulation Servicing After 300 Hours of Operation of the 


Range Only Radar 
Conduct. the 50-hour servicing operations according to procedures 


described in section 30 of chapter VII. 
(3e Ce Resulation Servicing After 350 Hours of Operation of the 
| Range Only Radar | 
Conduct the 100-hour servicing operations according to procedures 
described in Section 31 of chapter VII. - 
32 D. Regulation Servicing After 400 ee of Operation of the 
| Range Only Radar | 
Conduct the 50-hour regulation Servicing operations described in 


section 30 of chapter VII. 


32 E. Regulation Servicing After 450 Hours of Operation of the | 
Range Only Radar | | | 


Conduct the LOO-hour servicing operations outlined in section 31 of 


ey 
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33- Prolonging the Service Life of the Range Only Radar 

At the end of 500 hours of operation, the range-only~radar set must 
be removed from the plane entirely (including connecting cables and con- 
trol units) and sent to the repair shop anaes the possibility of es 
further use will be determined. 

If such possibility exists, then the following pune aeees must be 
carried. out: | | 

a) Components whose service life has expired must ‘be replaced. | 

b) The 200-hour eeeuiatiéa servicing must be carried out. 

c) A full scale inspection and adjustment of the range only radar 
must be performed. | 

~ a). A determination must be made concerning the extension of the 


service life of the set for a limited period depending on its condition. 


34. Instructions for Servicing the Range Only Radar Under Varying - 
Operating Conditions 
Sewnician the Range Only Radar Under Conditions of High Humidity 
Under prolonged operation of the range only radar under conditions 
of high relative humidity (in the fall and spring, and in areas where 
high relative humidity prevails) it is necessary to observe the follow- 
ing procedures ; 


a) If the radar has not been turned on for | a long time, warm-up and 


dry out the radar once every 7 days by switching it on for 15-20 minutes. 


b) Refrain from opening the pilot's cabin unnecessarily. . 


c) Cover the nose and the cabin of the plane. 
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Servicing the Range Only Radar Under Extreme Dust Conditions 
When operating the range only radar under extreme dust conditions 
it is necessary to: 
a) Keep the plane covered. 
b) ‘Refrain eon opening the pilot's re unnecessarily. 
c) Once a-month, blow out the range, power supply, and comparator 
units with aonpeeased ade at 1.5-2.0 atm pressure. 
| 355° Packing, Storage, Shipment, and Unpacking of the Range 
Only Radar | | | | 
Packing the Radar Set | 
The range only radar components are packed in special en The 
‘entire range-only-radar set with a full complement of spare parts and 
| tools is packed in five crates. | 
(p 6] © | Contents of Crates 
| le Kel antenna with wareguide channel 
2. RB6-2M transceiver unit 
| -RB6-5 velocity unit 
K-6 adjustment panel — 
3. RB6-3 receiver nance unit 
RB6-) power supply unit 
 K-8 comparator unit 
4. Set of spare parts 
5e Set of tools 


To keep the equipment intact and to protect it from damage during | 


Gf 
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oe en a "shipment and extended warehouse Storage, it is essential in setting 


- A 


“ down the units to peserve ea following practices: 


SAT at 


eres ry Rive * Sy) Securely fasten ‘the units to the mounting plate. 


me nce ms era 


go ee “By ‘Units without danping frames mist be fastened on special mount~ 


Sy er ae ta ee  ~ 


as ing plates with ‘binding screws. 
All units must be protected from corrosione Because of this, spe- 
: | clal attention should be paid in packing to ensure that the inside walls 
of packing crates are lined with noisture-proof "Ruberoid" type en | 
Storage of the Radar Set | 
Crates containing the range only radar components must be stored 
in a building with temperatures ranging from ++10° to -140° anne) | 


+ ee he nara Ae recent ek sm my 


| So with relative humidity at 30-60 percent. 
Me & 2] Shipment of the Radar Set 

| a Shipment of the range only aga must be in crates sealed with a 
elle | metal Beal. In shipment » the crates must be placed ere together. 
Bumping of crates must be avoided. 


VIII. MONITOR AND ‘TEST EQUIPMENT: AND ITS PURPOSE AND THE CHECK OF BASIC 


_PARAMETERS 


36. Monitor ‘and Test Equipment 


Monitor and ad equipment employed for creche. the basic para= 





meters of the mance only zener is subdivided into two groups: 
@) Special monitor and test” equipment (the KPK control panel - 


| 
| 
| 
j 
| 
| (fig. 9) and the KS-2 velocity calibrator (fig. 20)). 


9s | 
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b) Standard apiicoe and test equipment. 

The = control veut is designed for testing the over-all opera- 
tional sapenasty of the radar set, calibrating its range, carrying 
out postflight inspection, and adjusting the radar on the plane when 
undertaking regulation servicing and correction of faults. 

The KPK control panel is employed in testing the following para- 
meters of the radar set: 

Voltage supply; ferrite, erystal, ena gaeteen currents; and kilo- 
meter range in both modes. | 

in addition, with the aid of the KPK control panel and the UKKM-1 
Supersonic calibrator which is included in the Set, it is possible to 
ry. fp 63 calibrate the radar's re in both modes and to check the eperebtdn of 
- aan the pull-out and launch circuits. The KS-2 velocity calibrator is used 
| _ in testing end calibrating the velocity Manet. | 

The standard monitoring and testing equipment includes the follow- 
7 ing inecuete: 

a) The 43-I signal generator for testing the radar's range sensi- 
i tivity. | 
: | | : | b) The IM-4 eutuuemeces for testing transmitter output. 
7 | | c) The 137-I instrument for checking the hermetic seal of the 
transceiver unite — 

 a@) The 25-1 seciinoseoue. 

- e) The 30-7 oscilloscope. 


f£) The IZ-63 spectrum analyzer. 


_— 3 3 
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g) ‘The TL-l or the Ts-20 tester. 
h) The AlbeM2 vacuum tube voltmeter. 
376 Testing Sensitivity | 
Prior to testing the sensitivity of the receiving channel and 
automatic locking with the 43-I tester, it is necessary to check the 
frequency of the magnetron with the same | tester. 


When using the 43-I tester on the range only radar, the K-l unit is 


re ie, WR ein Sk re el A petra. oe z 
, 


disconnected and the directional coupler and the antenna equivalent. 


are connected to the RB6-2M unit. 


ee reer 


-- 


The check of the magnetron frequency must be done in the following 
order : | 


a) Switch on the 43-I tester. 


> cos -~ 
? 


a 65] b) With the waveguide coaxial cable connect the waveguide channel 
| to the waveguide flange on the 43-I radar tester through the Sivectional 
coupler. Replace the antenna with the antenna equivalent. 
The directional coupler must have an attenuation of 20-30 db. The 


antenna equivalent must be of the 52-I type with an average output of 50 


. 
* 7 
tte ee a A er a weet nMOS re ntl em —~t 


Wattse 
c) Connect the EXTERNAL TRIGGER plug of the 43-I tester with the 


TRIGGER PULSE outlet of the KPK control panel. 


ee eet ete Te 


a) - Set the attenuators at maximm (the attenuator control knob on | 
, | 50). | 
| e) Shut off the klystron by rotating the REPELLER VOLTAGE control 


counterclockwise. % 


4. 


fo ; a eb 
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f£) Set the main switch on the CONTINUOUS OSCILLATION position. 
g@) Switch on the high voltage. 


ih) Manipulate the attenuators until the output tester indicator 


- reads from 0.2 to --0, a5 Over~all ste ea at this time mst be in 


( 661 


| ie Sueee of 35 db. 


i) Rotate the wavemeter control of the 43-I tester until it 


reaches a position in which the output indicator on the right meter 


of the tester registers a sharp drop to the minimal magnitude which 


then will correspond to the point of resonance, i.e., the wavemeter is 
exactly tuned to the magnetron frequency. 
Record the wavemeter readings and Pec ate ee determine the 
frequency of the magnetron, which must correspond to the log rating. 
Then, to test the radar's sensitivity it is necessary to tune the 


klystron of the 43-I tester to the given frequency. Tuning is carried 


out in the following manner: 


j) Set the attenuator controls at 50: db. 


k) Set the repeller voltage on the left meter at 100-110 v when the 


right meter indicates maximume Then, by rotating the wavemeter control 


measure the frequency of the klystron at the minimal indication of the 
right meter. 
If the klystron frequency is below the frequency of the magnetron, 


adjust the wavemeter conrol until the reading is equal to the frequency 


of the magnetron. In this case, any significant deviations of frequencies 


will again result in maximum readings on the right meter. 


$1 ro 
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Ly By rotating the FREQUENCY control. in the direction of pignee 


frequencies, tune the klystron oscillator of the 43-1 testers The» 


ss | aa of tuning to the. EEoquency indicated on the wavemeter aeeaiay, is 


, determined from the. minimal reading on the right meter. | 


m) By adjusting the WAVEMETER control set the . wavemeter scale at 
@ point Where there will be no depletion of energy by the resonance of 
the wavemeter (at graduations 5-8). 

n) Check the ZERO output indsentoy as peieeae: Spies vebinE the 
voltmeter reading (of the left meter), rotate the REPELLER VOLTAGE 
control counterclockwise until the klystron is shut off, ie@e, until a 
minimal reading on the right meter is obtained. | 

With the ZERO ADJUST knob set the radar tester to read zero half an 
hour after the ies aan. had its pover turned One 

o) With the REPELLER VOLTAGE senteer adjust the voltmeter indi 
cator to the initial setting shown in subsection ad ivaws a setting of 
50], striving for a,maximum reading on the output meter. Rotate the 
COUPLING control sGuntecsicciadice to abtain an output reading nearest to 
one milliwatt. With the TUNING controls (first with the right and then 


with the left) obtain a maximm reading on the output meter and then 


_ with the COUPLING control set the instrument indicator exactly at 1.0. 


The 43-I tester will now receive an rf output from the klystron Oscillator 
equal to one milliwatt (with both attenuators at zero attenuation). 
Increase repeller voltage by the value of the amplitude of the 


modulator pulse (pulse amplitude is indicated in the log of the instrument). 


55 | 
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. At this time, the output meter indicator will return to near zeroe 
=p) Place the main switch on the 43-I tester in the PULSE MODULATION | 
position. | | | 

a | 7 | - q) Set the PULSE DURATION switch on 0.5 micro sec. 

| : _ x) Turn the HOLD control clockwise all the way, and then turn 

; it counterclockwise 10°-15°. 
s) Place the TRIGGER PULSE POLARITY switch in the middle position 
(negative esteces pulse). 

[p 68] u) Set the control knob of the right attenuator at 15°, and of the 
left attenuator at 5.10 db. Feed the synchronizing pulse from the con- 
nector on the control panel to the input of the 25-I oscilloscope hori- | 

© | * zontal amplifier. Connect the input of the vertical amplifier of the 

- oscilloscope to the outlet of the receiving channel (rf connector on 


the face panel of the RB6-3 unit). Switch on the high voltage. Place 


ete Weer alee nen eet Ae ER SN Pee te 


the ASC-MSC toggle switch on the KPK control panel in the ASC position. 
: a Place the AGC-MGC toggle switch in the AGC position. 

The noise sath on the oscilloscope screen should now reveal a 
video pulse. In case the video pulse is not observed on the oscilloscope 
screen, it will be necessary to tune the 43-I tester klystron with the 
REPELLER VOLTAGE control to the extent of -“E5 volts (voltage changes 
should be checked on the left meter). Fix the amplitude of the video 
pulse at 6-7 volts with the aid of the 43-I attenuator (at first, the 
| attenuation on the left will increase to 30 db followed by increased 


4 attenuation on the right). With the REPELLER VOLTAGE control on the 


-~ ‘ 
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43-1 tester and with the DROP TARGED button pushed any tune the kly= 
Wesee, checking Lts frequency by the strength of the video pulse o 
_ the oscilloscope Screen | | 
Note: Tuning of the 43- instrument kKlystron is undertaken with the 
repeller wontees in the small range of +-5 volts. 


After releasing the DROP TARGET button, lock on the target pulse 


TTR EN OR ile eT en atts ah ey Dt ome 


[p 69] (checked by the illumination of the LOCK ON Signal lamp. on the TK test 
panel and on the indicator of the KPK control panel when in the ID posi- 
tion). 

_ Next, lead in the 43-1 tester attenuators (iee., increase their 
attenuation) until the pulse fades from the screen and is lost by the 
O oo | range only radar. | 
- | Gradually decrease the attenuation | until the radar locks on the 
“‘Subee. Fix the attenuator position in which the lock-on on the target 
‘pulse mecurred. The Lock~on Sensitivity is determined by the attenu- 
ation measured in decibels at the ms when lock~on is achieved and 
when Signal power at the ‘pat end of the ee I attenuators is equal 
to one milliwatt. | 
Total attenuation of the 43-I tester attenuators, the waveguide 
coaxial cable, and the directional coupler must be not less than 87 db. 
If sensitivity does hot correspond to rated VOLUes ; it is necessary 
to ehenee the crystals of the ATR. When Changing the crystals in the 
mixing unit of the AFC and in the receiver, the new crystal is placed 


(judging by the direction of the whisker) opposite to that of the first 


m~ 
ne, 
- | Fo a 0X 1-HUM 
1-4 

Declassified in Part - Sanitized Copy Approved for Release "2013/01/25 : CIA- RDP80T00246A03040009000 


Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030400090001-4 


C 


Cc 


(p 70] 





50X1-HUM 


crystal and must be set against the spring clamp. 


The ATR is changed as follows: 
a) Lift the unit from the damping clamps. 
| b) Unscrew the eight binding bolts from the cover and lift the 
chassis from the housing. 
c) Disconnect the cables from the Monk, re IF eran 
and the KLYSTRON connectors. _ 

d) Unscrew the two screws that fasten the rf head to the chassis, 
the six screws fastening the curved waveguide to the magnetron, and 
the two nuts fastening the rf head to the waveguide. 

e) Remove the rf head. | 

f) Unscrew the two screws fastening the ATR heater. 


g) Unscrew the eight screws holding the ATR and carefully re- 


move it from the rf head. 


h) Put in a new ATR. In installing the new ATR, the small aperture 
must face in the direction of the main waveguide. 

i) Assemble the removed parts in reverse aries: 

Make a notation in the log concerning the replacement of the ATR. 

To tune the ATR firing eureent regulator, it is necessary to set 


the ATR firing current at 90 micro amperes with the R2-78 potentiometer; 


and by changing the 115-volt 400-cycle feed from +5 to -5 volts check 


| to see if the ATR firing current varies +3 micro amperes from 90 micro 


aMPeres « 
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38. Testing the Pulse Function of the AGC Circuit 
The check of the pulse function of the AGC circuit must be carried : 
out in the following sequence: 
| a) Geieae tens tune the 43-I radar tester as indicated above. 


b) Switch on the 25-1 oscilloscope, connect the SYNCHRONIZATION 


input with the PULSE TRIGGER terminal on the KPK control panele Connect _ 


the input of the vertical amplifier with the receiver channel output 
(the RECEIVER OUTPUT monitor connector is on the front panel of the 
RB6-3 unit). Turn on the radar and the high voltage. © 

c) Place the ASC-MSC toggle switch in the MSC position and the 
AGC-MGC toggle in the AGC position. Locate the MODE switch on the KPK 
control panel in the TK-l position. With the TUNING control adjust 


for maximum detector current which will result in the appearance on the . 


_ oscilloscope screen of a video pulse of the simlated target provided 


by the 43-1 tester. The "target" must be locked on by the automatic 
locking systen, weapeieon, the LOCK ON signal lamp will light on the 
TK-L test panel. | 

a) By ‘manipulating the left attenuator on the 43-I instrument 


adjust the video pulse amplitude on the oscilloscope screen to 6-8 v, 


With the REPELLER VOLTAGE control on the 43-I tune the frequency of the 


klystron oscillator, checking it by the strength of the video pulse on 


the oscillosepe screen. If the video pulse amplitude is found to be 


iimited, it will be necessary to increase the attenuation on the left 


attenuator until the amplitude of 5-6 v is obtained. 


g 2. 
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e) Gradually decrease the attenuation of the left and then of 


the right attenuators of the 43.1 instrument, checking the changes in 


the video pulse on the oscilloscope screene 


In reducing the attenuation of the 43-I attenuator by 30-40 ab, 


the video pulse amplitude on the oscilloscope screen must first increase 


to 7-9 v, and then must not change (the noise present on the oscillo-. 
Scope screen when the pulse function of the NEG elieeadt is operating 
must decrease with the strength of the incoming signal until it dis- 
appears completely). 

Press the DROP TARGET button on the TK-l test panel (this corres- 
ponds to the dropping of the target by the automatic lock son circuit and 
to the switching out of the AGC). 

The video pulse amplitude on the ascilloscope screen will increase 
to the limit level, noise will appear, and with relocking on the “target”, 


the amplitude of the image of the video pulse on the oscilloscope screen 


will revert to its original level. 


Testing IF Band Width 
The test for IF band width is performed as eer 
a) Remove the cover ron the RB6-2M unit. 
b) Disconnect the IF preamplifier (PUPCh) input cable from the 
ieee cavity. 


c) Supply a 10-30 micro volt signal from the SG-l oscillator to 


the IF preamplifier input through the crystal equivalent. 


da) Place the AGC-MGC toggle switch on the KPK control panel on MGC, 


93 3 | : | 
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and by rotating the GAIN control set the voltage on the IF amplifier 
(UPCh) tube grids at 0.2 v. Check it with the vacuum tube voltmeter on 
. the a a monitoring jack of the RB6-3 unit. 
a lp 31 e) To the a jack of the IF amplifier strip in the RB6-3 
| a ' unit connect a voltmeter of type IM with a 10-volt scale, or the Ri-M2 
cathode voltmeter. 

f) Take down the relationship P..4 ® F, where F is the frequency | 
set at the graduation mark SG-1/30, 29, 28, and 27, when the amplitude 
of the input signal is held constant. 

An illustration of IF preamplifier and IF amplifier frequency re- 
sponse is shown in fig. 22. 

oO : a 7 39- Checking the Operation of the AFC Circuit 
in testing, the 25.7 and 30-7 oscilloscopes and the KPK control 
Bane. are used. Testing is performed in the following sequence: 

.a) Turn on the range only radar and the high voltage and position 
the antenna in a direction from which there are reflections from ground 
ob jects. | | 
| The oscilloscope screen should show targets from ground objects or 
fo i: corner reflections -- if any are present in the radar set's field of 
Scane = strong. targets are present, noise should not appear on the 
oscilloscope Screen because of the action of the AFC circuit. 

After turning on the high voltage, the current of crystal II must 


vary periodically (the instrument pointer will fluctuate with great fre- 


atten ee eaten ed ee ee NN et 


quency), which will indicate the normal operation of the ATC circuit in 


ee pk ue eee ge Gy ; | 
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the scanning mode. 
tp 75] The average value of the oscillation current of sehen Il is 
| O.4-1.2 ma. 

When the high voltage is turned on, the current or crystal II mist 
increase but the [voltage] value rast not change. 

b) Place the AGC-MGC switch on the KPK in the McC position and 
by reducing the gain of the receiver channel (turn the GAIN control 
and obtain an amplification of one of the "targets" of no more than 
0.8 of maximum. 

Place the ASC-MSC switch in the MSC position, by turning the TUNING 
knob get the best picture of the selected target. Set the toggle switch 
on ASC, the amplitude of the target should practically not change at all 
in respect to manual tuning, and there should be no ceueae modulation. 


After completing these steps, it can be concluded that the AFC circuit 


—** 


is operating normally. 

Several instances of possible deviations from normal operation are 

given below,these can be remedied by adjustment on the bench. 

However , adjustment must be resorted to only in extreme cases and 
only when certain of the abnormal operation of the AFC circuit. 

If the radar is operating with AFC and target pulse modulation is 
only one half (i.e., if target wash-out is one half of pulse value), 
adjust the AFC potentiometer on the K-6 adjustment panel until wash-out 

{e761 is less than 20% of target amplitude. When the GAIN potentiometer on 


te front panel of the K-6 unit is in its extreme clockwise emery 


f™N 

LY 

| Vb | | 
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the oscilloscope screen Should show target fluctuation and noise 


(100% modulation -- the difference in target and periodic noise fluc- 


tuations) ; :. this indicates the transition of the AFC system from the. 


ine adjustment mode to the scan mode. 


[(p 77] 


In returning the pobentionaese to its original ppsition, the 
Shape of the pictures on the oscilloscope screen should return as be- 


fore (noise and target fluctuation should vanish). 


.Note The AFC GAIN potentiometer must be set according to the fol- 


Lowing procedure: 
c) When the high voltage of the set is on, the AFC GAIN potentio- 
meter on the K-6 adjustment panel mst be placed-in the position cor- 
responding ee the AFC scanning mode (in the extreme clockwise position). 


a) By turning the AFC GAIN potentiometer counterclockwise (which 


corresponds to an increase of the AFC gain) achieve a stable lock-on, 


| i.e., interruptions in the AFC circuit must disappear. Then gradually 


turn the AFC GAIN potentiometer counterclockwise 30-35 degrees » this will 
increase the amplification margin to ensure the stable Operation of the 
AFC circuit under destabilizing conditions. 

In event of abnormal Operation of the AFC circuit in the lock-on 
mode (i565, if the circuit does not operate when the radar high voltage 
is on and when the AFC GAIY potentiometer is turned to its extreme Left 
position) » the following procedure must be. followed: 

e) Check the current of crystal II on the KPK, if it does not 


correspond to the log rating, turn off ‘the high voltage, remove the cover 


GR 
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of the RB6O-2M unit, and by turning the screw of the crystal in question, 
adjust ts current to the desired level. Turn on the high voltage and 

= * ps make sure of the presence of hold in the AFC circuite | 

| f) in case of the absence of ery eUee currents, it is necessary to 

replace one of the ecyetes with a new one ann to turn the adjustment 
screw until a voltage of the desired magnitude appears. If there is 
Still no crystal current, it is necessary then to tune the ayeeey 
mechnically or to change ite 


g) Mechanical tuning of the crystal is peformed as follows: 


a ee eepee treeet n ae  e 


Unserew the hoding nut and remove the klyston screens. 
Rotate the klystron tuning shaft to the extreme counterclockwise 


OC ; position. 


_ With the TUNING potentiometer on the KPK set the klystron repeller 


cee tee ee eee 


Oe RE ae ety Mele Toe 


voltage at 100-120 v, monitoring the voltage at the KLYSTRON REPELLER 

: monitor point (the ASC-MSC toggle switch mst be placed in the MSC posi- 
| tion). 

| Turn on the high voltage, watch the oscilloscope screen, and slowly 
| turn the klystron tuning shaft clockwise until target Bunce appeare 
Continued turning in the clockwise direction will produce a secondary 

_ tuning on targets and will result in tuning the klystron oscillator to 

.  {p 78] a frequency Lower than that of the magnetron oscillator. In this case, 
the receiver channel will be tuned to the inte raaddate image frequency. 


After making certain of the existence of a secondary tuning, it is 


-~ A en mgs ee etree dee rte = ae 
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necessary to return to the primary tuning. To do this, slowly turn 


the mechanical tuning shaft of the klystron counterclockwise until 


target pulses appear on the oscilloscope screen. 


ae 7 Note: . When the receiver is tuned to the image frequency, target — 


[p 79] 


. pulse amplitude, as a rule, is smaller than when tuned to 
8 rere higher than that of the magnetron oscillator. 

By monitoring the AFC crystal current on the KPK instrument, tune 
for maximum amplitude with the TUNING control located on the KPK unit. 
Target amplitude on the oscilloscope screen may now be reduced. By 
Slowly rotating the klystron adjustment screw tune for maximum target 
pulse amplitude on the oscilloscope (the klystron should be tuned in 
both clockwise and counterclockwise directions). 

if when tuning for maximum crystal current, there are no target 


pulses on the oscilloscope screen, the reference voltage on the klystron 


repeller does not correspond to the maximum klystron output when the 


intermediate frequency is equal to 30 Mc. 


in this case, the mechanical tuning of the klystron oscillator 
frequency for maximum crystal current and for maximum target pulses on 
the oscilloscope screen must be done in the following Sequence: 
h) Gradually rotate the TUNING control on the KPK in the direction 


of increasing crystal current so that the target Signals are still visible 


on the oscilloscope. Then, by turning the tuning shaft of the ‘dystron 


Oscillator adjust for maximum target pulse. 


77 | 50X1-HUM | 
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; 4 the vertical amplifier input to the. ‘target current of crystal cL 


tp 60], 
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i) Turn off the high voltage. Prepare to plug in the 30-7 
oscilloscope, and turn it on. Connect the horizontal amplifier in- 


put to the KLYSTRON REPELLER monitor point on the KPK, and connect 


imonitor point TK-Ll on the KPK). 

Place the toggle Switch on the KPK in the AFC position. Set the 
FREQUENCY switch on the front panel of the 30-7 oscilloscope on OFF 
(the extreme left position). After a proper adjustment of the hori- 
zontal and vertical amplifiers, the screen of the 30-7 oscilloscope 


should produce an image illustrated in fig. 23. Turn on the radar high © 


voltage, and place the AFC circuit in the scanning mode by rotating 


the AFC potentiometer on the K-6 unit to the extreme clockwise position. 
The oscilloscope should show the picture reproduced in fige 23. 


If the hump of kKlystron oscillations is not depicted in full on 


the oscilloscope (i.e., if the hump is left or right skewed), adjust 


for a symmetrical image on the oscilloscope with the AFC BAND potentio~ 


meter located on the AFC eure in the RB6-2M unit. Then by pagotaly 


turning the AFC GAIN potent ionstes counterclockwise obtain a bright dot 


in the proximity of the nim. . (bunine this adjustment, it is imperative 
that the AFC siecle still be in the scan mode.) 

_ by rotating the mechanical adjustment shaft of the klystron, it is 
necessary to position the bright dot to the right incline at about 009 
of the medciimuay value of the hump (see fig. 23). 


Bring chs radar set ‘to one initial setting, replace the aco 


1ee 
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screens, safe-lock the screws » replace the cover on the RB6-2M unit, 


firmly secure it with screws » and check the hermetic seal of the unite 
4O. Power Check 


Check or the transmitter wes power is done with the output meter 


of type IM in accordance with operating instruction for this instru- 


ment and’is computed on is computed on the basis of the following formula: 


Po ap  & 


_ Where P,, is the average power value in watts -- the result of measurement, 


and Q is the duty factor derived from the following formula: 


. Qs Poe 


where is the pulse duration in seconds. 


The repetition rate F and the duration of the rf pulsel may be ob- 
tained from the log of the rnage only radar or may be measured directly 


on the set. The repetition rate must be within the range of 800 pps 


* +100 pps. 


The duration of the rf pulse U z 0.5 micro sec | -++0.05 micro sec. 
| In the formula, 0.05 micro second is miberceted torn the measured 
duration of the pulse to allow for pulse spreading in the detector stage. 
hl. Checking the Newetesn Spectrum | 
‘The mapneeron frequency range is checked with the help of the 
IZ-66 frequency meter in accordance with operating instructions for this 
instrument. If the | band width does not correspond to the width indicated 


in the set's rating list or if the ‘frequency range is of an improper 


for : . 
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HUM 
pattern, skps or fade-outs of individual frequencies are observed ; 
replace the maenst mets | After changing the magnetron, eane the 
kKlystron and the ATR, | | 7 

| Procedure for Replacing the Magnetron 
| To eis the MI-158 magnetron proceed as follows: 
a) Unsolder the wire lead to the magnetron cathode. 
b) With nonmagnetic tools (screw driver and long-nose pliers) 
Loosen the wenete holding the magnetron. . 
c) Remove the magnetron from the unit. 
da) ‘Insert the new magnetron. | Using nonmagnetic tools fasten the 
screws holding the magnetron and paint them. | 
e) Solder the cathode lead. The end marked with the letter "K" 
must be soldered to the lobe of the cathode also marked with the Letter 
a | | : 
; f) Turn on the unit and the high ecnes, 
g) With the high voltage switch, set the magnetron current at 
the average level as indicated by the magnetron rating sheete 
h) Check the magnetron oscillation frequency with the ? 43-IS in- 
- strument. | | | | 
i). Check the magnetron frequency range with the IZ-66 instrument. 
There should be no fade-out of spectrum nepepenTee 
5) Measure the average output of the magnetron with the IM-4 
instrument. 
Given the duty factor of Q = Z i 
1a 
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- pointer on the 28-IM measuring amplifier. 


HUM 





Compute the pulse power with the formula: Py = Pap 2 Q 


in accordance with section 40 of chapter VIII. 


k) Tune the klystron arene to correspond to the magnetron fre- 


| quency, on 30 Me higher. 


om Check the operation of the AFC circuit sees: the range and 
the point of AFC cut-in on the 30~7 oscilloscope. Check AFC gain mar- 
gin according to section 39 of chapter VIII. | 

Procedure of Checking the KSV Antenna Waveguide Unit 

The antenna is positioned to face a direction from which there 
are no reflections from closely situated objects (walls, instruments, 
etc.). 

‘Measuring is performed on the 9,870 $45 Mc frequencies. 


To measure the standing wave ratio (SWR) on each of these fre- 


quencies it is necessary to : 


a) Tune the 51-I rf unit to the corresponding frequency. 


‘b) . Tune the 33-I measuring line for maximum indication of the 


By moving the prode along the 33-I measuring line, determine the 
maximum and minimum readings on the 28-IM measuring amplifier instrument. 
‘The SWR is derived from the following forma: 


SHR = P_max 
| | ‘P mins 


7 test is considered eneustactue if the SWR in the given ares 


quency range does not exceed 15.6 


jog : 
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Note: When working with the 51-I, 33-I, and 28-IM instruments, the 


operating instructions for these instruments should be usede 


IX. TROUBLE SHOOTING IN THE RANGE ONLY RADAR INSTALLED 
ON THE. AIRCRAFT AND ON THE MONITOR BENCH | 
42. General Instructions 

Most of the troubles which occur on the range only radar are due 
to relatively simple causes, for example: blown fuses, faulty contacts 
in coaxial cables and in connections of units, etc. Therefore, before 
attempting involved check-outs, it is essential to make sure that the 
units have power, and that the trouble is not due to a simple pauses It 
may be that the trouble is noticed in one unit and the cause of it is in 
another unit. 

Therefore, before removing the unit for repair, it is essential to 


make certain that it is actually not operating properly by using monitor 


_ jacks and connectors on the unit. 


ie the set ceases to function during flight, then it is necessary 
to get a detailed report from the pilot on the er of the trouble 
and the behavior of the range only radar and related components (the 
VRD-2A optic sight) both before and after the failure : This information 
greatly helps to locate the trouble. ' Entries in the range only radar 


log and an oral debriefing of the pilot, however, may not always give a 


_ complete prc’ which would make Lt possible to find the trouble in the 


radar. set at once. 


—_ 


| Faas 
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When trouble of any kind shows ‘i during flight or during testing, 

check out the components according to inetructions in chapter VI, and 
then according to section 43 of chapter x. ALL ane while, the hard and 
fast rule is to check for the presence of power in the radar set before | 
eee ee any one unit is out of order. After finding simple 
faults which do not call for opening the units, the trouble should be 
corrected with the units in place on the aircraft. In the Seeeeuna of 
Symptoms indicating trouble inside of one of the range-only-radar compo-= 
nents, the unit should be checked out, removed from the plane, and re- 
paired on the bench with the help of the monitor reigeconiyeeanae set 


according to the procedure indicated in chapter II of this manual. 


| 106 : : | 
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43. Check-Out Procedure for the Range 


Only Radar When Trouble Shooting 


' Parameters To 
Be Checked 


Le 


Qe 


3. 


f 

; | 
| : 4 

‘ e 


1 


C 


Turn on converter of 
series PO (P0O-500, 
PO-750, etc.) 


Place RANGE ONLY 


RADAR toggle switch 
in ON position. 


Presence of .rl115 v 
400 ¢ power supply 


Check-out of recti- 
fied voltages 


Indication of Opera- 
tive Condition 





Converter must ro- 
tate with. oe 
noise.- 


Ventillation motor - 
in RB6-2M unit must 
turne Can be detect- 
ed by typical noise 
in RB6-2M unit. 


KPK instrument 


reading = 


KPK instrument read- 


ings: +4300 v, #200 v _ 


4150 v, and -150 v. 


jo7 
SECRET 


in 115 v 400 c. 





Possible 
Defects - 


Faulty PO control 
circuit. 


Blown fuses in the 
plane UPK. 


Faulty 27 v feed to PO. 


Faulty PO. 


PO circuit Breekes 


tripped. 


Blown fuse in +27 v 
circuit in K-6 unit. 


No #27 v input present 
in range only radar cir- 
cuit. 


Fuse biown in K-6 unit 


in 115 v 400 ¢« cir- 
cuit 
No 155 v 400 c-. power 


supply 


Blown fuse in RB6-4 unit 
circuit 


Rectified voltages dif- 
fer from indicated vol- 
tages. Bring voltages 


to required value with 


adjustments in RB6-4 
unit 


90X1-HUM 
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Parameters To 


6. 


Be Checked 
S. Place RADIO-OPTIC 


toggle switch on 
RADIO 


Check-out of ree 
ceiver operation 





Indication of Opera- 
tive Condition — 


After 2.5-3 min. 
Operation of time 
relay in K-6 unit, 
HIGH VOLTAGE lamp 
over toggle switch 
Should light indi- 
cating presence of 
high voltage in 
modulat OY e © 


After connecting. 
INPUT on oscillo- 
scope to receiver 
IN plug on RB6-3 
unit, oscilloscope 


screen should show. | 


5~7 v noise. 


198 
SECRET 


Possible 
Defects | 





3e Lack of one of the 
rectified voltages. 
Causes: Blown fuse in 


rectified voltage cir- 


cuit, bad tube. 


Ground= © 


ing through frame. 


4. 


lis 


Defective connect- 
ing cable. 


Faulty connections 
in RB6-2M unit. 


Defective time relay 
in K-6 unit. 


Blown fuse in K~6 unit, 
Short duration disrup- 


tion occurs in aircraft 
voltage circuit because 


of defective return cur- 


rent relay (aircraft 


- equipment), and with 


a) 
b) 


- ¢) 


aircraft motors at full 
throttle check aircraft 
voltage interruptions 
with KPK instrument. 


No noise; 


Faulty No 1 coaxial 
cable ° 

Faulty NOISE poten-~ 
tiometer setting in 
RB6-3 unit. 

GAIN otentioneten: 

on KPK set for minimm 
gain; toggle switch in 
MGC position. | 
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Possible 


Parameters To - Indication of Opera- 
Be Checked __ tive Condition Defects 
: (p 89] Te Checking scan and en IN jack of osci- |1l. Improper sensitivity 
lock-on systems in lloscope is connected | setting of lock-on 
modes A and Be. - to IN jack of receiver system on K-6 unit. 
| | on front panel of RB6- 
3, oscilloscope screen| 2. Faulty setting of 
should show tracings range of scan of 
of range pulse travel- RB6-3 unite 
ling at definite 
ispeeds in mode A or 3. AFC system is in scan 
in mode B during position, oscilloscope ~- 
Scan and standing _ screen indicates 100% 
{Still during Lock- modulation of target 
One . 8 3 pulses. Raise amplitude ° 
of AFC system until tar- 
get modulation ceases. 
4, AFC voltage set at ex- 
| treme limit of klystron 
: oscillation range (AFC 
C> te voltage set incorrectly). 
8. Check for presence Target pulses on 1. No pulses on oscillo- 
of high voltage and joscilloscope Scope screen. ~ 
for magnetron oscil- | screen. : 
lation in modes A and 2e Check for magnetron oscil- 
Be lation with a neon lamp, _ 
absence of oscillation 
may be caused by faulty 
transmitter blocking re~ 
lay, as result of which 
W115 v 400 eps is not 
fed to high voltage 
rectifier 
9 Place KPK switch on |. Magnetron current 1. No magnetron current, 
IM position must ie equal to no \11L5 v supply to 
| 169 40.7 ma. RB6-2M unit. 
2o NLL5S v less than its 
| rated value. 
10. Place KPK switch on:} Currents of crystals | Low current in crystals I or 
| bs must be: IIo | 
| TK-1 0.2-0.5 ma 1. Bad crystal holder contacts. 
; Ee TK-IT O.4~1.2 ma 26 Faulty crystale 
{o7 
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Parameters To | Indication of Opera- Possible 
Be Checked _ tive Condition _ Defects — 








le Faulty setting of PULL 
OUT potentiometer. 


[> 90] 41. Check of operation {PULL OuT Lamp goes 
: , of PULL OUT circuit. out at 1,000 m. 


2. Faulty R&- or R6=-1 
relays. 


1. Faulty R8-2 or R8-5 | 
relays. 


Indication on 
UD=-4 instrument. 


12. Check of range out- 

| put voltage on 

: : UD-4 instrument. 

2. Incorrect setting of 
SCALE and ZERO 
potentiometers on 
K-8 unite 


ee Te ed 


' 
i 
i 
+ 
“4 
; 
3 
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hh, Checking the Serviceability of the K-1 jetenne Wavenuide tit 
The check of the serviceability of the antenna waveguide unit con- 
Sists of a visual inspection. Waveguides should be free from bends ; 
dents, and. cracks. ‘The rods and. radiator must be mounted to correspond 


to the general schematic for the unit. Coupling of waveguide flanges 


must be Sturdey. Ferrite commutator currents must be checked in the . 


radar Set with the help of the KPK control panel. Ferrit commtator . 


currents must correspond to the values on the ferrite commutator rating 


list. If they do not correspond to the rating list, and if changing 


the R6-20 and RO-7 resistors does not change the current of the ferrite 
dommutator, then the K-1 unit should be replaced. - 
45. Checking the Serviceability of the RB6-2M Unit 
The RB6-2M transceiver unit is checked in the radar set only when 
the K-6 adjustment ‘panel, the RB6-3 receiver range unit ‘ and the RB6-4 
power supply unit are in good working order. ieanerace » When checking 
the serviceability of the RB6-2M unit » it is necessary to begin the 


check with the RB6-3 and RB6-4 units. Before beginning the check, turn 


on the range-only-radar | sete 


The serviceability check of the RB6-2M unit must be performed in 


the following sequence ¢ 


a) With the help of the control panel check the rectified feed 


| voltages 300 Vs 200. vy; +150 v, and 150 Ve 


Voltage values must be as follows: 


d4i. 
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| “+300 vi t5v 
“200 VioobhkS v 
W150 vo +O Vv 
wav ao¥ 
b) Check the current of the magnetron and the current of aera 
‘of ‘the IF amplifier and AFC, 
Magnetron current mst be 1. 9 ma +0. i Mae 
Crystal I current mst be 0.2-0.8 ma. 
Crystal II current must be Oc 41.2 mae . 
a: Check the trigger pulse of unit 3 (for auplitude and form). 


To do this, » turn on the power of the 25-I oscilloscope and feed the 


synchronization pulse from the control panel terminal to the vertical 


amplifiere Feed the same pulse to the SYNCH terminal of the oscillo- 
SCOPE e 

Place the oscilloscope synchronization input polarity switch in the 
minus position. A pulse will be eosened on the oscilloscope screen 


~_ 


ad) With the 137-1 instrument check the hermetic seal of the trans- 


' ceiver ‘unite 


fe 92] 


h6. Checking the Serviceability of the RB6-3 Unit 


7 


The sdrviceability check of the receiver range unit is performed 


~ 


when the RB6-2M and the BG units are in good working order. 


- Before eheckans connect the KPK control panel to the monitor con- 


nection. 
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| The checking sequence is as follows: 


a) Turn on the power of the 25«I oscilloscope. Connect the 


_ synchronization input with the TRIGGER terminal of the control panel 


and the vertical amplifier In terminal and with the OUT connection of 
the receiver channel. The oscilloscope Should show receiver noise of | 
5-6 volts 3 if necessary waguse the NOISE potentiometer ‘igeated Gn the 
left side of the unit. 
b) Check the scanning range of the RB6-3 unit in modes A and Be 
To do this: | | 
a turn on the set‘s high voltage 
~~ turn on the oscilloscope 
~- disconnect the coaxial cable from the AFC input of 


the RB6-3 unit, or set the AGC-MGC toggle switch on the control panel 


_ On MGC, observe the oscilloscope screen, and with the GAIN control on 


{ip 93] 


nm 


the control panel eliminate the noise path on the receiver output. 


In the scan mode, a moving pulse should be observed on the oscillo- 


Scope screen. The oscilloscope input may be connected to the monitor 


point 7c and the sweep of the range pulse may be observed. 
Count through how many graduations the range pulse passes when - 


weaver ing to eae extreme “right position; set the oscilloscope Switch 


on 70 micro sec in mode A and on ee micro Sec in mode B; count how 


many graduations the pulse is away from the originating point of the 


Sweep, then | place the oscilloscope sweep ee Switch on 10 micro sec. 


fia 
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Values of graduations: 
on the 250-micro-second scale: 10 micro sec. 
on the 50-micro-second scales 2 micro sec. ~ 
on the 10-micro-second scale: 0.5 micro sec. | 
Scanning range must be as follows: 
in mode A: start at no more than 2 micro seconds and end at 
20 -(-2 micro sec. 
In’ mode B: start at 5 micro seconds and end at no less than 
- me Micro SCCe | | 
c) Checks of the Sneeauienas capability of the lock~on circuit 
~ and of the range and velocity voltage feed circuits are performed accord- 
LY fe to procedures in chapter II section 12. | 
[p 94] | LT iedeine the Serviceability of the RB6-4 Power Supply Unit 
The serviceability check of the RB6-4 power supply unit is performed 
in the following sequence: | 
a) Connect the control panel to the monitor connection, place the 
AGC-MGC switch in the AGC position » and set the ASC-MSC switch on ASC. 
| b) ‘Turn on the radar set. | 
c) Check the rectified voltages with the KPK. 
The rectified voltages must have the following values $ 
“+300 v +5 ve 
4.200 Vo AS ve 
150 v 5 v. 
--l 50 Vv re | 
rn 
VY 
: a. - 
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In case any of the rectified voltages do not correspond to their 
correct values, adjust them with controls on the back of the RB6«4 unit. 
48. Checking the Serviceability of the RB6-5 Unit 
The RB6-5 velocity unit is checked in the range-only-radar | set only 


when the K-6 adjustment panel, the RB6-3 receiver range unit » and the 


' RB6-. power supply unit are in a good working condition. 


‘The serviceability check of the Rb6-5 unit must be eounuetea in 
the following sequence: 
a) Check for the presence of and the value of all feed voltages. | 


b) Plug in the KPK to the monitor connection, and then turn on 


_ the KS-2. 


c) Make sure of the presence of scan in the RB6-3 ‘unit, at this 


er the range voltage measured at the a a a circuit of the KS-2 - 


, should be equal to zero... 


g) Lock on a stationary target, the voltage should be as before 
equal to zero. | | 
h) ‘When the MANUAL HOLD potentiometer on the KS-2 is spun 


suddenly in the one and the other direction, the indicator of the "Error" 


instrument will travel to the right stop and to the left stop. 


49... Checking the Serviceability of the K-6 Unit 
The serviceability check of the K-6 unit is performed in the range- 


only-radar set whenever | an RB6-4. power supply unit in an Operative con- 


dition. is available. Before checking » turn on the radar. 


After 225-3 minutes from the time the range only radar is turned on, 


pis 
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the HIGH VOLTAGE ON lamp should light. 

Ln switching the station modes from A to B, the ferrite commtator 
current on the KPK must correspond to its listed value. This indicates 
that the mode relays (R6-3) are in good working order. | 

50. Checking the Ba iesuiey of the K-8 Unit 


The K-&8 comparator unit is checked in the range-only-radar set 


only when the K-6 adjustment panel, and the transciever, receiver range, 


and pore supply units are in good working order. / 


To check proceed as follows: 

a) Connect the KPK to ‘the monitor connection. 

bd) Lock on a 1 ,000-meter marker in mode B and make sure that the 
PULL OUI lamp lights. 

c) Lock on a marker in the 2,000-5,000-meter range and at the pro- 
per effecive range make sure ae the LAUNCH Lamp lights. 

a) Lock on markers throughout the entire band and check the read- 
ings on the range instrument. | 

e) Measure the feed voltage of the VRD-2A at the monitor points 


KT- and KT-6, readings at this points should correspond to the listed 


Values for the VRD-2A. 


ae : : a 
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Table of 
Possible Faults in the K-l Unit and Procedures for Eliminating Them 





- 3... | Discovery and Remedial - 
Fault. — Possible Cause — Procedures _ 





No ferrite commta- Break in ferrite com- {Check commutator wind- 
tor current. | mutator winding. ing circuit. : - 
| -- * (Change K-l and K-6 units. | 

Ferrite commutator § |R6-7, R6-20, and R6-21/Check resistors with 
currents do not cor- resistors out of tester and replace theme 
respond to rating . }fordere | | 
list data. | 

Ferrite commutator R6-3 relay in K-6 Check the signal fed to 
current does not  funit not operating. R6-3 relay winding and 
change when station | i operation of relay ,R6~3. 

- mode changes. | | | Replace relay. 

Table of 


Possible Faults in the RBO-2M Unit and Procedures for Eliminating Them | 


Discovery and Remedial 


Fault 7 Possible Cause ; Procedures 


1 | : | 2 | | 3 


High voltage can- 
not be turned on. 


i. Time relay not §|1- No feed voltage © le Check for #150 vo 
operating | to time relay in at relay. 
K~6 unit. ) 
12. 115 v 400 c 2. Check 115 v value. 


voltage too low. 


2. Blocking generator |1. Faulty tube con- 1. 2. 3. Check for pre- 





and L2-3 cathode |. tacts. sence of vol- 
follower not work- | | tages at tube 
* singe ae 2. Filament not heat- socket with EKK. 
; . | 3e No. 4300 Ve 
3. Thyratron does not 7 Le Faulty tube socket 1. Check tube contacts and 
Light Ups = - | - contacts. | ° tube voltage with EKK. 
SECRET : 3 
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hk. L2-7 thyratron 


burns with sharp 


blue light and 


has corona in tube 


5e Magnetron does not 
oscillate. No magne- 


tron current. 


“fp 98] 
IIe Magnetron current ex- 
| ceeds by many times 
its maximum permissive 
Limit. 
oe Tit, Magnetron current 
"5.o changes in time. 
IV. No current in signal 


_ Channel crystals ° 


ee 


2... 
Absence of firing 
pulse in thyratron 
circuite 


| thyra- 


Low grade 
Crone 
Faulty thyratron. 


Thyratron does not 


fire. 


Absence of heating 


of magnetron. 


Faulty pulse trans- 
Pormere 


Faulty magnetron 


Heater~-anode short 
circuit in magne-- 
trone 


Faulty pulse trans~ 
formere 


L-7 thyratron break~ Tee, 
ing down Oe 


No firing voltage 
in ATRe 


126 


13. 


ple 


le 


26 


3 


Check for firing pulse 


in thyratron circuit. 
Replace thyratron. 
Change L2-7 thyratron. 


Check thyratron opera~ 
tion as in 4, 


With tester check pulse 


- transformer winding for 


Le 


Le 





continuity and connec- 
tions with transformer. 


With EKK check modulation 
pulse on cathode of. mag~ 
netrono 


Check for broken filament 
heater of magnetron and 
for cathode-anode short 
circuit. 


Replace magnetron. 


. Replace magnetron. 


Replace pulse trans- | 
former. 


Replace thyratron. 


With voltmeter check 
firing voltage and cur- 
rent through ATR; fir- 
ing voltage: .-750 v, _ 
current 70-90 mae Current 
is measured at R2-33 

— K ohm) resistor. 
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VII. 


No current in crys- 
tals in AFC channel. 


Large blind zonee 


Poor sensitivity in 
receiver channel. 


1. Absence of noise in 
receiver channel 
Cutpute 


2. Not enough gain - 
' in receiver. - 


| 3e Instrument measur = | 
ing crystal current 


shows pulsating cur 
rent when range is 
One 


2. 


26 


Le 


2e 


Qe 


Feulty ATR 


Defective crystals 
in AFC channel. 


Faulty local oscil- 
Latore 


Faulty ATR in re- 
ceiver channel. 


Raney crystal in 


Signal channel. 


Defective ATR. 


Short in +150 volt 
circuit, interrup- 
tion in anode feed 
circuits and grid 

circuits of tubes 

in IF preampe 


Bad tube 


peur tubes. 


Break in screen grid 
blocking ea 


circuit. 


12 


Qe 


el 


le 
12. 


oe 


ee 


Faulty coaxial cable — 


. AFC setting incor- 
recte 


Transmitter is off or 


not operating. 


a is 
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if firing voltage is 
present but firing cur~ 
rent is absent, ATR is 
defective. 


Crystals are checked 
with help of emitter 
for direct and reverse 
admittance. ratio, if 
ratio is less than 10 > 
replace crystal. 


Check for presence of 
feed voltages with EKK 
and tune klystrone 


Replace ATR protecting 
receiver. 


fouiee crystal in 
Signal °« channel. 


Replace ATR protecting © 
receiver. 


With check feed 
voltages. 


Replace IF preamp. 
Replace IF preamp. 


After blocking 1000- 
1500 kf condenser in 
tube grid circuit, find 
trouble spote 


Set AFC gain potentio- 
meter so that instrument 
Showing crystal current 
indicates constant steady 
values. 
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4, No peak voltage at [1. 
AFC output when high 
voltage is on. 

Ce 


36 


; . tp 100] 


Ll. Absence of noise at [1l. 
receiver output. 


36 


Ze 
Faulty Le-20, Le-21 jl. 
tubes. | , 


Defective AFC pulse [2. 
blocking transformer, 


Presence of video 36 
feed in AFC channel. 


Table of Possible 


Faulty 6Zhip, 6Zb2P, |1. 
L3-L, L3-2, 13-3, 
L3-h, and L3-5 tubes 


Faulty L3-6 or L3-7 |2. 
(6Zh2P and 6N3P) 
tubes. 


Faulty choke in 36 


- heater circuit. 


4. 


- “ eA des + ante Ween — 


ee 


2. Not enough AFC gain, 1. 


nae anes A a eee 


hee re ae 


ay 4 oe 


} 
‘ 


Tuxn on transmitter, 
repair defect. 


Replace Le-20 and 
Le-21 tubes. 


Replace Tr2-9 pulse 
transformer. . 


Remove L2-18 tube and 
with AFC scan present 
eliminate feed. 


-Faults in the RBO6-3 Unit and in Its Individual Components and Procedures’ 
for Eliminating Then 


By individual substitu- 
tion of L3-1 through 
L3-5 tubes find bad 
tube and replace with 
good one. 


Replace L3+6 ana L3-7 
tubes. 


With tester check to EKK 
for presence of 6.3 v 


On corresponding tube 


Faulty choke in 4, 
Screen grid and 

anode feed circuits 
(+150 v) 6 


Faulty circuit coil. | 5. 


Bad tube. = (aststédt'2O‘C 


luge Replace choke. 


With tester check pre- 
sence of voltage on 
Screen grids and anodes 
of AFC circuit tubes in 
accordance with EKK for 
the line. 


With tester check cir~. 
cuit coils. If necessary 
replace and tune. : 


By substitution find bad 
tube and replace. 
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Ce 


- 3¢ Noises cannot be 
adjusted with NOISE 
potentiometer. 


Faulty AGC of pulse.| 1. 


5. Absence of range Le 


Ze 


3e 


dis. 


2 


Faulty filter capa= 


citor in pretuned 
circuit. 


» L3-9 or L3-10 tube 
defective. 


Defective L3~11 
(6NLP) tube. 


No trigger pulse. 


Faulty trigger di- 
ode 13-12 (6kh2P) 


Faulty 13-13 (6N3P) 
tube. 


4, Faulty L3-14 ~_— 


tube. 


5. Faulty 13-23 6zn2p) 


6. No lock on target Ls 
pulse e 


J. Low sensitivity with 1. 
Lock on. eee 
ee 3 


tube 


Faulty L3-19 or 
L3-20 tube. 


Faulty sensitivity 
adjustment on K-6 


unit. Low noise 


_ level. 


ie 


Ca TAYTAM 


‘Ls 


3 _ 

@e By connecting 1000- 
15,000 pf capacitors to 
sereen grid circuits of 
AFC tubes find fault, 
then change tube board. 


lL. By substitution find bad 


tube and replace. 


With tester check corres~= 


| pondence with EKK and if 


necessary change resistors.e 


L. Perform check with Lock 
on video pulses. On find- 
ing fault, change L3-l1 
tube. First check the _ 
System according to EKK. 


Check for presence of 
trigger pulse at moni- 
tor point. 


2. Replace L3~12 (6kn2P) tube. 
3- Check for presence of 


multivibrator pulse, re- 
place L3-13 (6N3P) tube. 


4. Check presence of pulse 


. Of quick saw generator. 
Replace 13-14 (6Zh2P) tube. 


5 Range voltage varying 
with scan frequency” ab- 
sent in ID position on 
KPK, replace L3~23 
(6Zh2P ). 


Le Replace tube. 


le Make adjustment. Adjust 
for normal noise level. 
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[p 102] 
In 


Le 


Le 


To 


8. 


9. 





Not enough adjust-~ 


ment when caLlibrat-~ 
ing range. . 


Locks on noise, 


Absence of +300 
station voltage. 


Absence of +200 


-Station voltage. 


Absence of *150 
station voltage. 


Absence of -150 
station voltege. 


4300 station volte . 


age cannot be ad- 
justed. 


+200 station volt~ 
age cannot be ad- 
justed. 


+150 station volt- 
age cannot be ad~ 
justed. 


-~150 station volt- 
age cannot be ad-~- 
justed. 


Gas regulator does 
not light. 


Le Faulty L3 wo Lh tube. 


1. High noise level. 


2. Interference from 


another station 


operating on same 


frequency. 





ls Replace tube, 


1. Adjust. 


Table of Possible Faults 
the RB6-4 Power Supply Unit and Procedures for Eliminating Them 


| Bad Prh-2 fuse. 


Bad Prh-3 fuse. 
Bad Prh-l. fuse. 
Bad Prh-5 fuse. 


Faulty L4-2 tube. 


Faulty L4-5a tube. 


al 


Faulty L4-5b tube. 


Faulty L4-9 tube. 


Faulty ag aia : 


tube. 


{22 
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Replace Pr4-2 fuse. 
Replace Prh~3 fuse. _ 
Replace Pri+. mage: 
Replace Pri-5 fuses 


Replace L4-2 _— 

Replace L4~5a (6NeP) cubes 
Replace L4-5b (6N@P) tube. 
Replace L4-9 (6N2P) tube. 


Replace Li-19 (CG3P) tube. 
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ered eee Ome ee mimes eine) eee Renee on are 


alias etde on 


om 
i 


Faults - 


| he Velocity voltage -is 


SErePpne 


“Table of Possible 





1. With absence of lockil. L 
on, velocity voltage |. 
cannot be set at O. 


| h. 
2. With absence of lockil. 
on, velocity voltage 
. equals O when ZERO 
- velocity. potentiomet- 


er is in extreme Poe | 
BLviCn. | 


3. Not enough adjustment Ll. Faulty ne ox L5- 


_when calibrating 
velocity. 







ay 
zero with lock on ) 
moving target. 


5e Velocity voltage can 1. 
be set only at ex- 
treme position of | 
SCALE: velocity one 


tiometer , 


Qe 


greatly mismatched. 


2. 


. Faulty cathode fol- 
lower tube L5-1. 


L5-L- and L5-2 tubes | 1. 


Asymmetrical wind- | 2. 
ings in Tr5-l. 
Broken or shorted Se 
Leads of condensers 
C6-3 and C6-4 on 
chassis of K-6 unit. 


Faulty L5-4 tubes: 


L5-1 and L5-2. tubes 
greatly mismatched. 


tubes * 


No +27 voltage in 
unite 


Paulty. R5-1 relay. 


Faulty negative fee 
back divider. 


Faulty phase detec- 
tor tube. 


Ll. 


35, 
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in the RB6-5 Velocity Unit and Procedures for Blininating Them: 






Carefully select matched 
(‘Ub-L and L5-2 tubes. 


‘Replace Tr5-1L trans~ 


former. 


Check and change. 


Replace L5- tube. 


Carefully select matched 
L5-lL and L5~2 tubes, try- 
ing to get zero set of 


“velocity voltage in mid 


position of ZERO velo- 
city potentiometer. 


Replace tubes. 


Make sure of presence 


of 427 voltage. 


Replace R5-1 relay. 


Check values of pre-~ 
cision resistors R5- 2 
and R5-6. 


Check condition of L5=3 
tube with EKK. Eliminate 
defective tube. 


Replace L5-4 tube. 
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Le 


36 


De 


(p 105) 


No LAUNCH signal. 


No PULL OUT signal. | 


No range output 


voltage on UD-1 ing | 


strument. 


Range output votage 
does not correspond 
to calibration of 
UD-L instrument. 


VRD-2A feed voltage 
higher than proper 
value, 


3 


Table of Possible | . 
Faults in the K-8 Comparator Unit and Procedures for Eliminating Them | 


le Faulty setting of 


K-8 LAUNCH adjust- 
mente 


RG-L relay not 
operating. 


2. 


L8-2 (6Zh6B) tube. 
defective. 


36 


Faulty L8-3 (6N16B) 
- tube. 


Faulty PULL OUT po- 
tentiometer adjust- 
mente 


2. 


Ro- relay not worl 
Ainge: 


R8-1 or R8-3 relays. 
not working. 


Ll. Faulty setting of 
_ ZERO and SCALE out- 
put voltages. 


i. Faulty CG202B tube. 


Le 


-HI IhA 
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Adjust. 


Check R8-1 relay 
and replace. 


Replace L8-2 tube. 
Replace L8-3 (6NL6B) 
tube. . 


Adjust correctly. 


Check R8-} relay and 
replace. 


“Check R8-1 and R8~3 re- 


lays and replace. — 


Adjust output voltage 
with ZERO and SCALE 


_ potentiometers. 


Radar Set Adjustment Table 


Adjustment 


Ce 


ie 


1 


ZERO range.» 


A SCALE range, - 


Adjustment Procedure 


2 


» Replace CG202B tube. 


Location of Adjustment = 


Performed when calibra. | 


ting range in RS PUSH 
Bones 


Pexeorned when calibra-~ 


ting range in RS PUSH 
mode e 


| (ag 


3 
K-6 


K~-6 
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ee 
66 
Te 
8. 
o™. 9. 
VY 
10. 
s 
: _ te 106] hi. 
22. 
\ 
: 
136 
i 
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ol 


» B SCALE range. 


‘ZERO velocity. 


SCALE velocity. 


AFC gain. 
Sensitivity e 


Rectified voltages: 
+300 v, +200 v 


AGC for noise. 


AGC for pulse. 


BLIND ZONE. 


» DELAY voltage | 


“ZERO, SCALE 


2 


Performed when calibrating 
range in SS mode > ‘ 


Performed when calibrating 
KS-V in RS PUSh mode. 


[blank] 


‘From instant of lock-on, 


‘gain increased by turning 


shaft 30~35 degrees. 


Voltage set for 80-85 v 


| (monitor point set out on 


Adjusted and set with 
instrument on KPK, 


Noise level set with oscillo- 
Scope on order of 5-7 v. 


Set for an initial gain of 
7-9 v and a constant subse- 
quent amplitude of the 43-I 
oscillator video pulse when 
loss reduction is 40-45 db 
from Lock-on sensitivity © 
Level. 


Adjusted on order of 300 m 
(2 micro sec) with markers 


| Prom 25-I oscilloscope. 


Voltage on potentiometer slide 
must be near zero. R3-2 relay 
should operate simultaneously 
in respect to R3-l relay, R3-3 


relay should operate —_. 
0O.1-0.5 sec. after operation 
of F3-lL and R3-2 relays. 


Adjusted when calibrating UD-1 | 


instrument in mode SS 


= 
- SECRET 


K-6" 
K-6 


[blank] 


K-6 
 “RB6-4 


RB6-3 


ra6-3 


RB6-3 


K-83 © 
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Nw 
_ t 32 
ah. PULL out Adjusted for lighting PULL our Ku8 
lamp in mode SS. 
15. VED CALIBRATION Adjusted in accordance with | K-8 
rating list data for VRD-2A 
in radar set. 
(16. LAUNCH (interior | Adjusted when calibrating [blank] 
potentiometer in Launch circuite Oo 
K-8 unit. | 
[p 107] Weights and Dimensions Table 
“Unit “Weight (Kz) Dimensions 
Le Kel antenna with | . é 7 eas 
waveguide channel 2.7 360 x 765 x 960 
~~ 2. RB6-2M transceiver unit 13.0 240 x 380 x 2aho 
VY 3. RB6-3 range unit 47 |300 x 152 x 160 ~ 
4. RB6-4 power supply unit 367 284 x 150 x 163 
5e RB6~5 velocity unit — | Led 170 x 92 x 92 
6. K-6 adjustment panel 1.6 170 x 92 x 78 
Te K-8 comparator unit — 0.900 [sic] 1k5 x 106 x 108 
Total weight of all units 
without cables — : 28.0 
- [p°108] ‘Table of Fuses Used in the Range Only Radar 
| Fuse | Purpose 
1. PR6-L | SP=32-10a |Protect +27 v circuit. | 
5. By PRE~2 PTs -30-5a Protect W115 v 400 ¢ circuit. 
3. PR6-3  =—Ss—s | P@'s=30-0.5a =| Protect high voltage circuit of 
7 fo : transceiver on “115 v 400 c circuit. 
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